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COG Introduction
COG is a high-resolution code for the Monte Carlo simulation of coupled neutron,
proton, gamma-ray, and electron transport in arbitrary 3-D geometry. COG will

transport neutrons with energies in the range of 10-5 eV to 150 MeV, protons with
energies up to hundreds of GeV, and photons with energies in the range of 10 eV to
100 GeV. (COG’s energy ranges are limited by the available cross section sets and
physics models). Via the EGS41 electron transport kernel, electrons in the range of 10
keV to a few thousand GeV can also be transported. The COG code is a significant
upgrade from earlier Monte Carlo transport codes and has been written specifically to
make it more versatile, accurate, and easier to use. COG has provisions for
calculating deep penetration (shielding) problems, criticality problems, and neutron
activation problems, and retains all of the standard capabilities found in other Monte
Carlo transport codes. COG uses  high-resolution pointwise cross-section databases
and makes no compromises in the transport physics, so that the results of a COG run
are limited only by the accuracy of the databases used. COG runs primarily on UNIX
workstations – currently, UNIX workstations from Hewlett-Packard, Sun, Silicon
Graphics, Compaq, and IBM are supported. There are also versions for the Power
Macintosh and Linux/Intel PCs. COG can also be run concurrently over a network of
processors or on an MPP to solve very large problems.

Summary of Features
Some of the main features in COG include:

• COG problem specification is user-friendly. User inputs are free-form and
extensively checked by the code. Pictures are made of the problem geometry and
sources so the user can more easily identify and correct input errors.

• The cross section data sets are the key physics data for any Monte Carlo transport
code. COG was designed to be as accurate as the underlying cross sections would
allow, and uses commonly available pointwise data sets. See the table Summary of
Transported Particles and Databases for a summary of particles that can be
transported, and the principal databases used. See the Transport sections for details
of particle physics and databases.

• COG geometry is described by specifying surfaces that bound each volume in the
problem; for example, planes, cylinders, spheres, and torii. Analytical surfaces up to
fourth order may be used. In addition, COG supports pseudosurfaces  which describe
items like boxes, finite cylinders, and topographic surfaces. COG has a larger list of
available surfaces and figures than many Monte Carlo transport codes so that the real
world can be more adequately and efficiently described. For problems involving
multiple use of sub-assemblies, the sub-assembly can be defined once as a COG
UNIT and used many times. To check the validity of a geometry setup, COG can
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calculate volumes of parts and draw cross-sectional or perspective pictures of the
user's geometry. To further simplify the process of specifying the problem geometry,
the COGBuilder Java code provides a graphical interface which facilitates building a
COG input file and verifying its correctness.

• COG particle sources are very general and flexible. COG allows input from a
previously-generated source or a user-defined source.

• A Monte Carlo transport calculation often requires the simulation of millions of
particle paths to achieve a reliable result, a calculational process that can take hours to
days of computer time. A catalog of Monte Carlo biasing techniques is available in
COG to modify the random walk procedure to provide better answers using much less
computer time. These biasing techniques include:

— Splitting and Russian roulette, at collision sites and boundaries.

— Path stretching.

— Survival weighting.

— Scattered direction bias.

— Reaction bias.

— Isotope bias.

— Forced collisions.

— Particle weight control.

— Secondary particle production control.

• COG output includes a summary of random-walk events tabulated for user-specified
REGIONS. For each reaction in a region, COG lists the number of particles scoring
and the energy deposited. Optional ANALYSIS plots show the location of scattering
events in the problem's phase space.

• A COG run produces results in the form of DETECTOR responses in user-
designated scoring regions. Detector types include REACTION, BOUNDARY-
CROSSING, POINT, and PULSE detectors. MASKS may be specified to limit
detector scoring to some part of ENERGY, TIME, REGION, COLLISION, or
ANGLE space. Each detector may have a RESPONSE specified as a function of
energy, angle, or time. Differential BINS may be specified in time, energy, polar
angle, and azimuthal angle, or any combination of these. The relative IMPORTANCE
of events causing detector scores may also be listed.
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Summary of Transported Particles and Databases
Particle Reactions Coupled

Transport
Databases
Available

Approximate Energy
Limits (MeV)

Neutron Database- and
isotope-
dependent
thermal
scattering

(n,p)
(n,g)

(n,n’)

ENDFB6R7
ENDL90
RED2002

COGSAB

10-11 – Various(1)
10-10 – 30
10-11 – 30
few eV

Proton elastic  inelastic
=
absorption

Internal
Models

10-2 – 105

Photon elastic
Compton
Photoelectric
Pair-production
Annihilation

(g,e) EPDL97
EPDL89

10-5 – 105

10-5 – 105

Photo-
nuclear

isotope
dependent

(g,n) COGPNUC 10-11 – Various(2)

Electron Coulomb
Pair-production
Annihilation
Bremss.

(e,g) PEGS-created 10-2– 103

Activationp
hoton

Full photonics
for delayed
photons

(n,g) ACTL92 10-5 – 20

(1)  ENDFB6 high-energy limit varies with isotope:  20, 30, or 150 MeV.

(2)  COGPNUC high-energy limit varies with isotope:  20, 30, 140 or 150 MeV.
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Overview of Monte Carlo Particle Transport
A Monte Carlo transport code simulates the actual trajectories of particles as they
move through the materials that make up the problem's geometry. In a typical
problem, thousands to millions of particle histories are computed to determine the
“average” particle transport to any given location. It is helpful to think of COG as
consisting of three major computational phases: Source, Transport, and Detection.

Emit from
  SOURCE

  TRANSPORT
thru geometry

Score in
DETECTOR

Particles are "born" at a particle SOURCE, with an initial time, energy and direction
obtained by sampling a COG Source distribution. In the Transport phase, COG tracks
each particle through the materials of the geometry and computes its interaction with
the atoms of each material.

Neutrons and photons are neutral particles which travel undeflected in linear
trajectories except for occasional point-like collisions in the near proximity of atomic
electrons or nuclei.  These collisions can either be elastic, scattering the incident
particle in another direction, or inelastic, perhaps creating new secondary particles
and depositing energy locally.  A sampling procedure tells COG the average distance
the particle travels through a material before colliding with an atom. For each
collision event, COG samples the cross-section database to determine if the particle is
to be elastically or inelastically scattered. This process is repeated until the particle is
absorbed, escapes from the problem, or is terminated because its energy or age has
fallen outside of predetermined limits. Particles which enter Detector regions are
counted or "scored". COG output largely consists of detector scores. A primary



COG Introduction
Overview of Monte Carlo Particle Transport 9/1/02

– 5 –

source particle may create secondary particles in collisions; these are also tracked and
scored.

Protons and electrons are charged particles which interact with materials via the long-
range Coloumb force; thus these particles continually undergo deflection from a
linear trajectory as they traverse a material. Transport of these particles is
accomplished by the condensed history method, which models the cumulative effect
of many small Coloumb scatterings as the particle is advanced a macroscopic step.

Neutron Transport and Cross Sections
All the reaction physics used in transporting neutrons comes from the COG
databases, which are based on well-known nuclear reaction data libraries.

ENDL902 is based on the Lawrence Livermore National Laboratory’s Evaluated
Nuclear Data Library (ENDL), 1990 version.

ENDFB6R73,4 is based on Brookhaven National Laboratory’s Evaluated Nuclear
Data File ENDF/B-VI, Release 7.

RED2002 is a hybrid library devised by Red Cullen of LLNL. This library is a
combination of ENDF/B-VI cross sections (which are good at lower energies) and
ENDL kinematics (which are good at higher energies). This library is also used by the
TART transport code

For these libraries, the cross sections have been Doppler broadened to represent
room-temperature cross sections.

Two types of thermal neutron treatment are available: the hot gas model (the default),
or the S(a,b)5 model, which attempts to account for molecular binding effects. The
S(a,b) model is only employed for incident energies below a few eV.

Results obtained from transport calculations using these data will only be as good as
the cross-sections allow.  The successful user will acquire a feeling for the cross-
section information and its accuracy and the consequent accuracy of his calculated
results.  To assist the user in this process, COG can plot the total cross section of
materials and isotopes in the problem (see The I/O Data Block).  There are ancillary
routines external to COG which will list desired parts of any cross-section library.

Overview of Photon Transport
Photon reaction data are obtained from the Lawrence Livermore National
Laboratory’s Evaluated Photon Data Library (EPDL).6  The database includes cross-
section information for the reactions: Rayleigh, Photoelectric, Compton, Pair-
Production.

EPDL89 is EPDL, 1989 version.

EPDL97 is EPDL, 1997 version. (This is the default photon library.)



COG Introduction
Overview of Monte Carlo Particle Transport 9/1/02

– 6 –

For the Photoelectric reaction, relaxation data for the emission of secondary electrons
and photons are included.

The default gamma cross sections are the LLNL Evaluated Photon Data Library,
EPDL, as documented in volume 6 of UCRL- 50400.

Note: that the photon library does not include photonuclear reactions.

The default photon transport option is all physics enabled. Alternatively, the user can
specify the Fast Photon Physics Option, which speeds up transport of photons by
replacing COG’s normal physics models with faster approximate-physics versions.

Photonuclear Reactions
Photonuclear reaction data are obtained from the IAEA Photonuclear Data Library –
RECOMMENDED.7  The library includes cross sections emission spectra  for 164
isotopes in the ENDF-6 format. When the PHOTONUCLEAR option is invoked
COG forces a photonuclear reaction to occur in concert with every Monte Carlo
photon reaction. The photonuclear event is weighted by the ratio of the total
photonuclear cross section to the total photon cross section. A particular photonuclear
event is selected from the possible photonuclear events and any secondaries produced
are placed on the secondary bank to be followed as part of the normal random walk.

Note: COGPNUC does not contain data for all isotopes available on the photon
and/or neutron data libraries.

Overview of Electron Transport
COG performs coupled transport of electrons, positrons, and photons, using the
EGS41 electron transport kernel. Whenever an electron-producing photon reaction
occurs, COG checks whether the reaction occurred in a region enabled by the user for
electron transport. If not (the standard case), then the electron energy is immediately
deposited. If enabled, then the electrons are placed on the EGS kernel stack for
transport. If secondary photons due to bremsstrahlung or positron annihilation occur,
these photons are placed on the COG stack for COG to follow.

Electron transport is accomplished by advancing the particle in a straight-line
macroscopic step, which encompasses numerous microscopic scattering events. At
the end of the step, the electron is deflected through a scattering angle chosen from
the Moliere multiple small-angle scattering distribution. Energy loss is modeled by
allowing discrete bremsstrahlung and knock-on events above a specified energy
threshold, and using the continuous slowing-down approximation (CSDA) for lower-
energy events. Stopping powers and collision data used in a run are obtained from a
library file prepared by running the PEGS database generator for the problem
materials. See the EGS4 Manual for further information.
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Note:  COG uses the basic EGS4 kernel, which does not include the PRESTA
transport correction algorithm. (PRESTA adds lateral displacement to each step and
controls step size artifacts).  One non-default physics setting used is IBRDST=1,
which implements a more realistic selection of bremsstrahlung angles than the default
setting.

Overview of Proton Transport
COG uses a condensed-history method to transport protons. At the end of each linear
macroscopic step, the particle is scattered through an angle chosen from the Moliere
distribution in Gaussian approximation (Lynch and Dahl). Energy loss is computed
via the CSDA approximation, using the fitted stopping power curves of Anderson-
Ziegler for Ep < 100 MeV, and using the Bethe-Bloch stopping power formula above
this limit. In addition, the Landau straggling distribution is sampled to account for the
statistical variation of energy loss about the mean. The proton may undergo an
inelastic nuclear scattering event, which is modeled using the Letaw fit to
experimental cross section measurements. This event is treated as an absorption.
Protons may be tracked through a vacuum magnetic field. Currently, only quadrupole
fields inside a cylindrical magnet are supported.

Overview of Activation Calculations
COG can tally the photon flux due to neutron activation of materials, by making use
of the ACTL Activation Library.8  This library provides data for neutron-activated
isotopes and one- and two-step decay schemes. When an activation event occurs
during neutron transport, COG samples the decay data to determine a half-life for
photon emission. For each of a set of specified tally times, COG computes the flux at
all photon detector locations due to the photons released by the radioactive decay. A
Half-Life Mask can be specified to limit the detector response to a range of emission
half-lives.
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Why and When to Use COG
For complex geometries, the transport of radiation can be estimated either by
experiment or by a Monte Carlo simulation of the transport process. In nearly all
cases, calculating the radiation transport is the most reliable and cost- and time-
effective method. Distributed or multiple radiation sources, complex geometries,
multiple scattering contributions, combined neutron and gamma ray fields, complex
time history of background signals, criticality calculations, etc., are all problems
almost uniquely amenable to a Monte Carlo transport calculation and often nearly
impossible to accurately estimate by other means. Many insight-generating
computational experiments are possible in Monte Carlo simulation which are not
realizable in the laboratory. The new user may wish to review the Monte Carlo
radiation transport method.9,10

Hand or spreadsheet calculations and other techniques such as simple point-kernel
estimation, discrete-ordinates codes in one or two dimensions, or extrapolation from
experimental results are all viable techniques to solve a significant number of
radiation transport problems. If you can get an acceptable answer with any simpler
method than by employing any general Monte Carlo transport code, by all means do
so. Setting up and running COG, or any general Monte Carlo transport code, takes an
appreciable investment in both human and computer time.

COG is not a black box. Just specifying a correct SOURCE, GEOMETRY, and
DETECTOR will not necessarily yield the correct answer. Some knowledge of the
physics of particle transport is essential to understanding whether the results you get
are “reasonable”. Monte Carlo particle transport is a marvelous, but sometimes tricky,
calculational technique. Occasionally you can get an answer with a very small
indicated standard deviation, which turns out to be three orders of magnitude smaller
than the experimental result! This is often due to inadequately sampling or modeling
the energy and geometrical space and/or inappropriate use of biasing techniques. To
minimize these possible problems, experimental measurements and simple
calculations should always be employed to check that the “answers” coming out are
“reasonable”.

COG calculations, set up and run correctly, can give the best answer possible within
the constraints of the cross sections available. COG can provide a benchmark
calculation for a new untried system (one perhaps too expensive or too hazardous a
configuration to evaluate experimentally). COG is often used to calculate a
benchmark result in

order to evaluate the performance of transport codes which use more approximate
physics models. Once set up, a particular COG job can be quickly and simply iterated
to find an optimum solution.   
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How to Use the COG Manual
The first-time user will profit from reading the introductory parts of these Manual
sections: BASIC, SURFACE, GEOMETRY, MIX, DETECTOR, and WALK. This
will give you a perspective of problem specifications without getting you too
involved in detailed descriptions. Then you can read more closely those sections that
are of interest to you. The example problems in this chapter and in the Sample
Problem Section should give a good overview of COG input requirements.

Each major section has an introduction that briefly discusses what the section covers.
The rest of the section consists, for the most part, of the detailed specifications
required to activate code features. The experienced user may only need to refer to this
material. To make this referencing easier, we have provided an extensive index and
examples of COG input specifications.

If you wish to bias the random walk for your problem, read the various WALK
sections and pay particular attention to the WALK examples.
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Running COG
To run COG interactively on a UNIX workstation (once you have COG installed and
set up correctly), log in and type:

COG input-file

where input-file is the user-specified name of the ASCII text file containing the COG
problem specification.

COG Job Execution in the Background
Some COG jobs can run for many hours or even days. To run a COG problem in the
background, without tying up your input terminal, use the command line:

COG input-file >& ttyfile &

This command line puts the COG calculation into the background mode and sends
terminal output and error messages to the file ttyfile. The background mode allows
you to use your terminal in a normal manner while the problem is running. Several
COG jobs can be run simultaneously in the background. UNIX assigns a process ID
number (pid) to each background job and reports it to the terminal. This allows you to
track the progress of your background COG jobs and terminate them if necessary.

COG Background Job Control
UNIX Job Control exists for background and detached COG jobs. Typing

kill  –USR1   pid   

sends a signal to the background COG job with process ID number pid, which will
cause COG to write a status line into a file named inputfile.status. This file may be
examined with a UNIX editor (e.g., vi, more, cat) to see how many particles COG
has run up to that point.

Typing

 kill -USR2 pid   

signals the specified COG job to write a final status line into the file and terminate in
a restartable fashion.

COG Job Status/Termination: Control-C
To check the status of a COG job running in the foreground, or to terminate the run
after the current batch or particle has finished, type Control-C. The current job status
will be listed on the screen. You will then be prompted to select one of three options:
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c:  continue  to resume the calculation;

s: stop  to end the COG job nicely with the usual scoring tallies for the particles run,
saving the results of the calculation and leaving behind a restart file;

k: kill  to stop COG immediately without producing scoring tallies or saving
anything.

COG Batch Runs
A series of COG jobs may be run back-to-back in the background mode by means of
the batchcog utility, which takes as input a file that lists the names of the COG input
files to be run, one name per line. Each job is run, in turn, until it is complete; then
the next job is started.

To start batchcog, type:

    batchcog COG batchfile >&  logfile &

where

batchfile is the file that contains the list of COG input files;

logfile is the name of a file to receive the tty output.

All the input files should reside in the same directory as batchfile.

To check on batchcog  status, type:

  ps -ef|grep COG

This command will report the input file that COG currently has open.

COG Parallel Runs
COG will execute concurrently on a set of networked workstations or on a MPP
(Massively Parallel Processor), using either the PVM1 (Parallel Virtual Machines)
control system or the MPI2 (Message Passing Interface) library. Parallel processing is
the fastest way to solve long COG problems. See the Parallel Processing Section.

RESTART — Running COG Longer
Many COG jobs must be run for many hours or even days to generate results with
acceptably small statistical errors. To maximize ease of use and flexibility, a
RESTART option has been implemented for shielding-type calculations. (Criticality-
type job restarts are also available—see the CRITICALITY section.) When the
calculation ends, either normally (by running the desired number of particles) or by
user interrupt (using the control-c option), a RESTART file, named inputfile.rst, is
written to disk. COG also periodically creates a RESTART file after every hour of
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CPU time (by default), so at most only 60 minutes of calculation time is lost if the
machine "crashes" on a long calculation. When the inputfile.rst file is available, any
job can be restarted. Restarts are accomplished by adding the word

 RESTART

 (as a one word Data Block) to the input file and, possibly, changing NPARTICLES
(in the SOURCE Data Block). NPARTICLES is the total number of particles the
problem will run for the entire problem (including particles run prior to the restart).

You then start COG up with the modified input file as:   

  COG  modified_input_file

Note that the modified_input_file name must be the same as the original input_file
name, in order for COG to locate the restart file.

Example of a RESTARTed COG job.

Original input file:

BASIC
  PHOTON CM
SURFACES
  10 SPHERE 1.0
  20 SPHERE 2.4
  . . .

Modified input file:

BASIC
 PHOTON CM
RESTART
SURFACES
  10 SPHERE 1.0
  20 SPHERE 2.4
  . . .

Periodic RESTART dumps are made every TDUMP minutes. The input.rst file is
continually overwritten so that it contains only the most recent dump. TDUMP is set
in the BASIC Data Block (i.e. TDUMP = 45) and defaults to 60 minutes. NDUMP
npartdump can be used to make a family of restart dumps, every npartdump source
particles. These restart files have names of form: input.rdnxxxxxxxxxxx, where the
11 x-s are the zero-filled source particle number.To RESTART a COG run using    
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an NDUMP restart file, use this line in your input file:

 RESTART N dump_no

where dump_no  is the source particle number of the restart dump you wish to use.
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COG Output Files Summary
COG provides a wealth of output intended to ensure the problem is properly set up
and to help the user gauge the validity of the answers. Each COG run produces
several output files, which reside in the same directory as the COG input file. Output
files are named by adding suffixes to a root name, which is the name of the input file.
Where output file names are discussed in this manual, the root name is indicated by
…

A full explanation of the outfiles is given in the section Understanding Your COG
Run: The COG OUTPUT Files.

The following files can be created by a typical COG run:

….out: COG principal output text file containing a listing of the input-file and
calculated results.

….ps: COG PostScript-format graphics file containing geometry PICTUREs, cross-
section plots, ANALYSIS results, and DETECTOR results. COG graphics are
generated via the PGPLOT Graphics Subroutine Library11

….sor: COG source file containing the source parameters and starting coordinates of
all particles run. This allows the user to run CORRELATED problems. It is only
produced if an input flag is set.

….det: COG text file containing DETECTOR results (COG answers), in a form
suitable for post-processing.

….rst: COG restart file containing restart parameters for a shielding job (see
RESTART).

….rdnnnn: COG restart file containing restart parameters for a Criticality job (see
Criticality Restart).

….status: COG status files created when COG receives a USR1 or USR2 signal
while running in the background mode (see RESTART and COG Background Job
Control).

….list: COG list of particles created when using the COG LIST option to track a
particular result in a detector. (see LISTing Properties of Scoring Particles).

….detid.census: COG census file containing the parameters of all particles that
scored in detector detid. (see CENSUS File Option in the Detector section.) This
file may be used as a SOURCE file in a subsequent COG run (see CENSUS File
Option in the Source section).



COG Introduction
Overview of Problem Specification
The Structure of COG Problem Input 9/1/02

– 15–

Overview of Problem Specification

The Structure of COG Problem Input
In every transport problem, particles are born at a SOURCE, with specified energies
and directions. They are then transported through the GEOMETRY, which consists of
the defined three-dimensional space of the problem, and interact with the atoms of the
problem MATERIALS. At every collision, particles will be absorbed or scatter
(change direction and perhaps energy) and possibly create secondary particles. Some
particles may eventually reach DETECTORS, where they will be counted (scored).
These detector results are the COG "answers".

Input to COG consists of preparing an ASCII input file that specifies the properties of
SOURCE, GEOMETRY, MATERIALS, and DETECTORS, and turns on biasing
techniques for the problem at hand. To each of these problem parts there corresponds
a COG "Data Block" of user-specified data. Each Data Block begins with an
identifying block name. Blocks that are usually specified for every problem are:

TITLE: Problem name;

BASIC: Specifies particles to be followed, and other general information;

SOURCE: Describes the source;

SURFACES: Describes the surfaces that bound the three-dimensional volumes of the
problem (e.g., spheres, cylinders, planes);

GEOMETRY: Describes the SECTORS (volumes) of the problem, in terms of the
bounding surfaces;

MIX: Specifies the problem's physical materials (e.g., carbon, air, aluminum);

DETECTOR: Specifies the type (e.g., BOUNDARY, REACTION, POINT, PULSE)
and location of the detectors.

The detailed definitions of these and other Data Blocks are given in the following
section.
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COG Data Blocks and Keywords
COG ASCII input consists of blocks of input information (Data Blocks) headed by
the Data Block’s name. Each Data Block name is followed by one or more input lines
containing keywords and ASCII strings or numerical data. This data may extend over
many input lines. COG recognizes the end of a data set by finding the next keyword
or Data Block name.

Example: COG SOURCE Data Block

SOURCE
 NPARTICLES = 1000
 FILE = reactor-problem.sor
 RETRACE 101 102 115

Here, SOURCE is a Data Block name, NPARTICLES, FILE, and RETRACE are
keywords, reactor-problem.sor is a filename, and 1000, 101, 102, 115 are data fields.

The order of the keywords in a given Data Block usually does not matter. The order
of the data fields after the keyword is significant and must be input in the prescribed
sequence(s).

Not all Data Blocks are needed in any one problem. Only the first line (the TITLE
Data Block) and the last line (the single word END) have to be in a specified order.

Data Block names and keywords may be typed in upper or lower case. In this manual,
these are shown in upper case for ease of identification. Many keywords have shorter
equivalents (aliases) for convenience.

Restrictions:

• Data Block names and keywords are reserved words and should only be used within
the problem to denote the start of a new Data Block or keyword. (There are no word
restrictions inside comment fields).

• File names may contain up to 32 characters; titles may contain up to 80 characters.

Two-word “keywords” are written with a dash between them, so the code can
recognize them as a single unit.

 Example of a keyword which consists of two words:

BOUNDARY-CROSSING
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Keyword lines

Most keywords are followed by number fields in a prescribed order. All types of
numbers (integers, scientific, or floating point) are equivalent, but integers are
recommended for ID numbers. Data may extend to 512 characters per line and can be
continued from line to line. Data fields may be separated by tabs, spaces, commas,
equal signs (=), or end-of-line separators. A string containing spaces or other
separators must be enclosed in quotes to prevent the parser from breaking it into
pieces. Keyword entries are terminated by the next keyword or Data Block name.

Example: Specification of surface #20, a BOX, and its Translation/Rotation
parameters.

20 BOX 0.2  10.0  10.0    TR 4.1  0. 0.

Comments

Comments may be inserted anywhere in the input file, after the first line. A comment
field consists of any text that begins with the character $ and continues to the end of
the line. The $ sign terminates all further COG processing of that line.

Example:
$ This whole line is a comment
MAT = 1 CO 8.85  $ The rest of this line is a comment

Comments in the input file are an excellent way to write yourself notes explaining
where certain information came from, what you were doing or trying to calculate, and
the approximations that were made. When you go back to modify and rerun a
problem that was initially run months before, such comments can be very valuable.
Also note that all lines after the END statement are ignored by COG, so users may
“store” remarks about the job or temporarily unneeded input lines by placing them
after the END statement.
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Overview of COG Data Blocks
Seven main COG Data Blocks are required in all problems. These provide the
necessary information to describe a problem. Supplying these Data Blocks will
produce some basic results—energy deposition and reactions by type in specified
geometric regions as well as how many particles crossed boundaries.

Required COG Data Blocks:

TITLE

By definition, the first line of a COG input file is the problem TITLE Data Block. It
should be less than 80 characters (including spaces) long. The keyword TITLE is not
used to start this line. Comments cannot be placed before this line.

Example of a TITLE input line:

COG INPUT FOR PROBLEM #9  JANUARY 3, 1994
$ A SET OF COMMENT LINES FOLLOWING THE TITLE CAN BE
$ USED TO FURTHER IDENTIFY THE PROBLEM AND ITS
$ PARAMETERS

BASIC

This Data Block describes the units (length, time, energy) used in the problem, the
particle types to be followed, and “special” features. Physics switches are also found
here. The units specified in this block are used in all other Data Blocks. The only
required input in the BASIC Data Block is the type of particle(s) in the problem. The
default units are: cm, seconds, and MeV.

Example of a BASIC Data Block:

 BASIC
   PHOTON CM

SURFACES

The SURFACES Data Block specifies all surfaces used in the problem geometry.
Surfaces form the boundaries between the physical objects or things you are
describing. Each surface is given an identifying number, surf-ID#, for later reference
in the GEOMETRY Data Block. Surfaces may also be used to define any volumes of
interest and do not have to correspond to physical boundaries.
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Example of a SURFACE Data Block:

   SURFACES
 20 PLANE  0. 0. 0.   2. 0. 0.
 21 PLANE  1. 0. 0.   2. 0. 0.
 22 P Y 3

GEOMETRY

The GEOMETRY Data Block specifies the SECTORS or volumes that compose the
problem geometry through which the particles are to be tracked. In other codes, these
volumes are often termed “zones”. The sector is the smallest unit of geometry that
you can specify. For clarity, or for statistical purposes, these sectors may be much
smaller than the physical size of any one geometric component. Each sector is defined
by listing the surf-ID#s of the surfaces which bound it. The GEOMETRY keyword
PICTURE is used to create cross-sectional (CS) and perspective (P) pictures of the
geometry, and to check the geometry for errors. Geometry error checking is turned
off during normal execution of the problem.

 Example of a GEOMETRY Data Block:

GEOMETRY
 SECTOR 10 Sec1 +20 -21 OR -22 +5

MIX

The MIX Data Block defines the different materials, such as steel, lead, water, sand,
or air, used in the problem. In the MIX Data Block, the user specifies the exact
composition and density (gm/cc) of each material used in the problem and assigns a
material number (mat-ID#) to each one.

Example of a MIX Data Block:

MIX  MAT = 1 SI 1.23

Alternatively, the user may specify the amount of constituents by weight fraction,
atomic fraction, or atoms/barn-cm.

ASSIGN

By default, SECTOR n is assigned MATERIAL number n and REGION number n.
The various ASSIGN Data Blocks allow you to override these defaults and attach a
specified MATERIAL number and/or a REGION number to each SECTOR. A
REGION is a set of one or more sectors that are to be grouped for analysis purposes.
By using the ASSIGN statement, the user can make a group of SECTORS contain the
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same material but differ in REGION number. It is also possible to specify a relative
density factor df to be applied to the material within the sector.

Example of an ASSIGN Data Block that assigns SECTOR 1 to REGION 2 and
SECTOR 3  to REGION 7.

ASSIGN-R
1 2    3 7 

SOURCE

This Data Block specifies the source particle distribution in location, angle, energy,
particle type, and time. The source may be set up to emit realistically (e.g.,
isotropically) in order to fully simulate the physical problem being modeled, or it may
be constrained to emit into a small solid angle about a preferred direction, in order to
more rapidly arrive at a valid answer. (But it should be noted that any such variation
on the simple analog Monte Carlo technique may lead to errors if used improperly.
See WALK sections for more information on Biasing.) Criticality problems have
their own source definition and do not use the SOURCE Data Block.

Example of a SOURCE Data Block. These lines specify the SOURCE position
dependence to be a sphere of radius 0.1 centered at (1., 0., 0.).

SOURCE
DEFINE POSITION = 1

 SPHERE 1. 0. 0.  0.1

END

This word on a single line signals the end of problem input. COG reads no more input
lines after encountering this END flag. All data or information after the word END
will be disregarded. Input lines previously used or which may be used in subsequent
runs can conveniently be stored after the END card. Comments can also be placed
after END.

OPTIONAL COG DATA BLOCKS:

DETECTOR

This Data Block specifies the types and locations of the DETECTOR(s) in the
problem. A detector consists of a specified geometrical space with an associated
detector response to scoring particles. The output of a COG run is largely the score
for each detector.
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This Data Block is used to generate a pictorial breakdown of where events are
occurring in the problem's phase space. This can be very helpful in understanding the
relative importances of various source-detector paths to the detector results. Analysis
pictures are described under the DETECTOR Data Block section.

WALK

The WALK Data Blocks are used to modify (bias) the basic analog Monte Carlo
random walk in order to make particle transport more efficient. Biasing can be done
by spatial region, particle type, and energy.

I/O

The I/O (Input/Output) Data Block allows the user to request the output of additional
problem information, beyond what is normally provided by COG. This includes text
files and plots of the cross sections for the isotopes and materials in the problem.

RESTART

This Data Block allows the user to restart a problem that was terminated early, or to
continue a run for a longer time to get more precise results.

CRITICALITY

This Data Block specifies the starting neutron source for a criticality calculation

DUMP

The DUMP Data Block allows you to take RESTARTable DUMPS of your
Criticality problem while COG is running.

PARALLEL

This Data Block enables concurrent processing of a COG job on a network of Unix
workstations, or an MPP.

EGS

The EGS Block specifies parameters needed to transport electrons, using the EGS4
kernel.

ACTIVATION

This Data Block specifies a set of times at which photons produced by neutron
activation are to be scored.

ANALYSIS

9/1/02Overview of COG Data Blocks
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The BFIELD Block is used to specify vacuum magnetic field sectors through which
protons will be transported.                             

BFIELD
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Input Notation Shortcuts
COG offers some notational shortcuts to speed input of repeated or interpolated lists
of numbers.

To repeat a number or a group of numbers use this form:    

  n [ m1 m2 m3 ]

to generate n instances of the numbers m1 m2 m3 enclosed in the brackets.

For example,  3 [ 1.1 2.2] will produce the equivalent of entering:

  1.1 2.2 1.1 2.2 1.1 2.2
To linearly interpolate values between given end values, use this form:

  n [ m1 i m2]

to generate n linearly interpolated values, starting at m1 and ending at m2.

For example, 5 [1. i  5.] will produce the equivalent of entering:

 1. 2. 3. 4. 5.
To logarithmically interpolate values between given end values, use this form:

  n [ m1 L m2]

to generate n logarithmically interpolated values, starting at m1 and ending at m2.

For example, 5 [1. L  5.] will produce the equivalent of entering:

       1.00  1.49  2.24  3.34  5.00

Note: Delimiting spaces are not needed around the brackets. The letter L can be in
upper or lower case but is less likely to be confused with the number one when
capitalized.



COG Introduction
Overview of Problem Specification
Input Notation Conventions 9/1/02

– 24–

Manual Notation Conventions
In the listing of COG input line forms that follows, the manual makes use of certain
notation conventions. Their syntax is presented here.

• Words shown in the manual as uppercase letters are Data Block names and
keywords. (Note: capitalization is optional for the user—the code converts everything
[except titles and filenames] to lowercase before parsing the input.) COG expects the
data after the keywords to occur in a prescribed order. Data entry for a given keyword
is concluded by the next keyword.

Example of the different acceptable keyword forms:

SURFACES
 surfaces

• Words shown in the manual as lowercase letters indicate number fields that the user
must supply. Dashes between words are used to indicate that only one number is to be
typed (i.e., inner-radius).

Example: a manual specification of the form:

    surf-ID#  PLANE  x1 y1 z1   x2 y2 z2
would be satisfied by this user line:
 10 PLANE  1. 2. 3.    1. 3. 3.

• Optional inputs appear inside curled brackets { } or parenthesis (). Do not include
the curled brackets or parenthesis in your input.

• Required inputs (all else) must be provided. (Square brackets, [ ], in the PULSE
detector definition and shorthand BIN definitions are required.)

Example:  The manual specifies an input line of the form:

    surf-ID#   SPHERE   r    {TR . . .}
where:

SPHERE (or sphere) is a keyword for a spherical surface;

surf-ID#  requires an ID number (an integer);

radius r requires a number;

but the Translate/Rotate field {TR…} is optional.

• When items appear in the manual as a bracketed stack, the user can choose any one
of the choices offered inside the stack.

Example of a bracketed stack:
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Î
Í
Í
È

˚
˙
˙
˘SPHERE

SPH
S

 
(The square brackets in the bracketed stack, [ ], are never
typed.)

A user may choose SPHERE for easier reading. After some experience, SPH may be
preferable; and for a lot of input, the letter S may be sufficient. All three definitions
can be used in the same input file.

Examples of some definitions showing required and optional inputs:

CIRCLE X1 Y1 Z1 X2 Y2 Z2 R  {X3 Y3 Z3 PHIMIN PHIMAX}
ss-disk x1 y1 z1  x2 y2 z2  r0  {rin}
                 {x3 y3 z3 phimin phimax}

• In various places, the user may want to specify a curve, such as a source spectrum.
This may be done by providing enough (x,y) points so that a straight-line
approximation between the points adequately represents the desired spectrum.

 

The points are given as x y pairs i.e.

x1 y1   x2 y2   x3 y3   x4 y4

The approximation assumes that y is zero for x outside the range of values given. The
x values may be given in either increasing or decreasing order. This type of input is
represented throughout the manual as:

(x,y)i

Alternatively, the user may want to specify a set of BINS for the input of data or the
output of calculated results.
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Here the x,y-   points specify bin edge and amplitude (a histogram):

              x1 y1
-     x2 y2

-     x3 y3
-     x4

Again, y is assumed to be zero for x outside the range of values given. The values of x
may be either increasing or decreasing.

Note: One more x value (x4) than y value must be given. This input type is
represented in the manual by

(x,y-  )i

• To avoid wearysome repetition in the manual of entire option fields, we often
indicate these input fields by the ellipsis (…). The full field definitions are given at
the start of each section. For example, the translate/rotate (TR) option for surfaces is
defined as:

TR xo yo zo  (x1 y1 z1) (x2 y2 z2)

However, after it has been discussed in the text the TR option is often represented
more simply by:

(TR ...)
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Summary of COG Data Blocks
Data Block What it does

TITLE– required One-line description of problem

BASIC– required Defines length, energy and time units, type of particles being
transported and physics options

SURFACES– required Defines surfaces used in geometrical description of problem

GEOMETRY– required Defines the geometry (bounded volumes) of the problem

MIX– required Specifies materials, densities, and cross-section libraries to
be used

ASSIGN– optional Assigns material, region, and density to a sector

ASSIGN–M– optional Assigns a Material to a sector

ASSIGN–ML– optional Assigns a Material to a List of sectors

ASSIGN–R– optional Assigns a Region number to a sector

ASSIGN–RL– optional Assigns a Region number to a List of sectors

ASSIGN–D– optional Assigns Density to a sector

ASSIGN–MD– optional Assigns Material and Density to a sector

ASSIGN–MC– optional Assigns Materials to plotting Colors

SOURCE– required for all non-criticality
calculations

Defines energy, location, time, angular distribution, and
particle type of source

DETECTOR– optional Defines the type of Detector(s) for scoring results.

WALK– optional Modifies the default analog random walk to improve run
efficiency (biasing)

CRITICALITY– required for nuclear
criticality problems

Defines criticality parameters and initial neutron source

DUMP– optional Creates restartable dumps for criticality jobs

ANALYSIS– optional Plots collision densities in selected phase-space regions

I/O– optional Prints and plots cross sections

RESTART– optional Restarts a COG problem to run longer

PARALLEL– optional Allows concurrent processing on a network of workstations
or on an MPP

EGS– optional Specifies parameters for electron transport

ACTIVATION– optional Specifies  detector times at which photons from neutron
activations are scored

BFIELD– optional Specifies sectors containing vacuum magnetic fields, for
proton transport

END– required Terminates reading of input file
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Catching Input Errors
COG flags errors it detects during the input phase. If fatal errors are found, COG
stops at this point. Output errors are listed in the ….out file. To speed code execution,
automatic geometry error checking is not done during the normal random-walk
process. COG only checks for geometry errors during the production of optional
PICTURES and SWEEPS and VOLUME calculations, which are specified by the
user in the GEOMETRY Data Block. The user should always debug a new problem
by making pictures to catch errors in defining the geometry. These cross-section or
perspective pictures also enable the user to visually check the geometry
specifications. The cross-section pictures in particular are very helpful in verifying
that the SURFACES and SECTORS specified by the input file are correct. While
generating these pictures, COG checks that all points in the view fall in one and only
one defined sector. But the picture-making process can only check the sectors
contained in the specified view. It is therefore recommended that several cross-
sectional views be drawn through all important or complex geometry.

After the geometry has been verified, the pictures can be turned off to save time. This
is done by prefacing the picture lines with a $ sign (this turns them into comments).
They can be quickly reactivated (by deleting the $) if the geometry is changed and
needs to be rechecked.The SWEEP option in the GEOMETRY Data Block will
sweep a line between specified endpoints and print out the locations of surface and
sector intersections of the line. This can be useful in verifying exact placement of
problem surfaces.   
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Sample COG Problem
Suppose we have this problem to model:

Example: A spherical volume source "sp1" emits gammas isotropically. At three
centimeters from the sphere center is a lead shield "sh1". Six centimeters from the
source is a solid-state silicon detector "det1".

Our geometry input would look like this:

SURFACES
10 SPHERE 0.5  TR 1. 0. 0. $ SPHERICAL VOLUME SOURCE     

$ OF RADIUS 0.5, TRANSLATED     
$ SO CENTER IS AT (1,0,0)

20 BOX 0.5 6. 6. TR 4.25 0. 0.
$ BOX WITH SIDES 0.5,6,6
$ TRANSLATED SO SIDE
$ FACING SOURCE IS AT X=4.0

30 CYLINDER 2.  6. 10. $ CYLINDER WITH RADIUS 2.0,   
$ EXTENDING FROM X=6.0 TO X=10.

GEOMETRY
SECTOR 1 SP1 –10 $ SOURCE IS VOLUME INSIDE
               $ SURFACE 10,  A SPHERE
SECTOR 2 SH1 –20 $ SHIELD IS VOLUME INSIDE

$ PSUEDOSURFACE 20, A BOX
SECTOR 3 DET1 –30 $ DETECTOR IS VOLUME INSIDE SURFACE

$ 30, A FINITE CYLINDER

Y

X

sp1 sh1 det1

10 20 30
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At this point we have specified all the volumes of interest to us in this problem
(unspecified volumes are assumed by COG to contain vacuum). Now we need to
specify the materials in the problem.

Let our source be 60Co, the shield be lead, and the detector silicon. We will model

the 1.17 MeV and the 1.33 MeV lines of 60Co.

Our MIX input is:

MIX
MAT=1 CO 8.85 $ ELEMENT AND DENSITY
MAT=2 PB 11.4
MAT=3 SI 2.33

Now we need to ASSIGN materials to SECTORS.

ASSIGN-ML
1 1 / 2 2 / 3 3 $ ASSIGN MATERIAL 1 (CO) TO SECTOR 1, 

         $ MATERIAL 2 (PB) TO SECTOR 2, ETC.
       $ BY DEFAULT, MATERIAL # = SECTOR #,

    $ SO THIS STATEMENT NOT REALLY NEEDED
Specify the SOURCE location, and energy-, angle-, and time-dependences

SOURCE
NPARTICLES = 10000 $ WANT TO RUN 10,000 GAMMAS
DEFINE POSITION = 1 $ POSITION SPECIFICATION #1
SPHERE 1. 0. 0. 0.5 $ SPHERICAL VOLUME SOURCE, CENTER

$ AT (1,0,0), R = 0.5
DEFINE ENERGY = 1 $ ENERGY SPECIFICATION #1
 PHOTON
 LINE 1.17 1. 1.33 1. $ EMIT LINE SPECTRUM AT 1.17
            $ AND 1.33 MEV, WITH
   $ UNIT INTENSITIES
DEFINE ANGLE = 1 $ ANGLE SPECIFICATION #1
   ISOTROPIC   $ EMIT ISOTROPICALLY
INCREMENT 1 P=1 E=1 A=1 $ SOURCE INCREMENT HAS SOURCE

$ STRENGTH=1, AND THESE
$ SPECIFIED POSITION, ENERGY,

      $ AND ANGLE DEFINITIONS
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Specify the DETECTOR

DETECTOR
NUMBER = 1
TITLE = "REACTION DETECTOR FOR CO60 PROBLEM"
REACTION 3  50.26 $ DETECTOR IS REGION 3,

$ DETECTOR VOLUME = 50.26 CM3

The complete COG input file for this problem is:

COG PROBLEM #1 $ PROBLEM TITLE LINE

BASIC    $ BASIC DATA BLOCK
  PHOTON  $ TRACK PHOTONS ONLY
  CM $ DIMENSIONS ARE CENTIMETERS

SURFACES
10 SPHERE 0.5  TR 1. 0. 0. $ SPHERE CENTERED AT
          $  (1,0,0)
20 BOX 0.5 6. 6. TR 4.25 0. 0. $ BOX WITH SIDES 0.5,6,6

$ TRANSLATED SO SIDE
$ FACING SOURCE IS AT X=4.0

30 CYLINDER 2.  6. 10. $ CYLINDER WITH RADIUS 2.0,   
      $ EXTENDING FROM X =6.0 TO X=10.

GEOMETRY
SECTOR 1 SP1 -10 $ SOURCE IS VOLUME INSIDE
               $ SURFACE 10,  A SPHERE
SECTOR 2 SH1 -20 $ SHIELD IS VOLUME INSIDE PSUEDOSURFACE
                $ 20, A BOX
SECTOR 3 DET1 -30 $ DETECTOR IS VOLUME INSIDE
SURFACE

                 $ 30, A FINITE CYLINDER
MIX

MAT=1 CO 8.85 $ ELEMENT AND DENSITY
MAT=2 PB 11.4
MAT=3 SI 2.33

ASSIGN-ML
1 1 / 2 2 / 3 3 $ ASSIGN MATERIAL 1 (CO) TO 

$ SECTOR 1, MATERIAL 2 (PB) TO
$ SECTOR 2, ETC.

SOURCE
NPARTICLES = 10000 $ WANT TO RUN 10,000 GAMMAS
DEFINE POSITION = 1 $ POSITION SPECIFICATION #1
 SPHERE 1. 0. 0. 0.5 $ SPHERICAL VOLUME SOURCE,
CENTER $ AT (1,0,0), RADIUS = 0.5
DEFINE ENERGY = 1 $ ENERGY SPECIFICATION #1
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 PHOTON
 LINE 1.17 1. 1.33 1. $ EMIT LINE SPECTRUM AT 1.17
            $ AND 1.33 MEV, WITH
   $ UNIT INTENSITIES
DEFINE ANGLE = 1 $ ANGLE SPECIFICATION #1
   ISOTROPIC   $ EMIT ISOTROPICALLY
INCREMENT 1 P=1 E=1 A=1 $ SOURCE INCREMENT HAS SOURCE

$ STRENGTH=1, AND THESE
$ SPECIFIED POSITION, ENERGY,

      $ AND ANGLE DEFINITIONS
DETECTOR
NUMBER = 1

TITLE = "REACTION DETECTOR FOR CO60 PROBLEM"
REACTION 3  50.26 $ DETECTOR IS REGION 3,

$ DETECTOR VOLUME = 50.26 CM3
END $ END OF COG INPUT
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BASIC Data Block

The BASIC Data Block tells the code what units of measurement are used in the
problem, what particles are being followed, and turns on certain code switches and
physics options as desired. The form of the BASIC Data Block is:

BASIC  param1   param2 . . .

Where:

BASIC  is the keyword indicating the start of the BASIC Data Block;

param1   param2 . . .  are the various Basic Data Block parameters, as described
below. The only required BASIC parameter is the particle-type.

Problem units will default to centimeters, MeV and seconds unless otherwise
specified in the BASIC Data Block.

 Examples of BASIC data input:

BASIC PHOTON CM MEV
basic photon mm keV

Particle Types to be Followed
particle-type(s) to be followed is the only information that the user must supply in the
BASIC Data Block. All other required parameters have default values inserted by the
code (see COG Units of Distance, Energy, and Time).

Acceptable particle-type names are (capitalization not required):

NEUTRON

PHOTON   or   GAMMA or GAMMA-RAY or X-RAY

ELECTRON

PROTON

A problem in which only neutrons are to be transported would include the single
keyword NEUTRON. If gammas produced from neutron reactions are also to be
followed, both NEUTRON and GAMMA keywords must be specified.

If a reaction during transport creates particles of a type not mentioned in the BASIC
Data Block, the energy of these secondaries is immediately deposited. E.g., in the
absence of the ELECTRON type, all electron and positron particle energy is treated
as if it were deposited instantly at the scattering site.
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COG Units of Distance, Energy, and Time
In most Monte Carlo codes, only one system of units is allowed. To avoid making the
user spend much time converting his inputs to “standard” units, COG allows the user
to specify desired units of distance, energy, and time to be used throughout the COG
problem.

Default COG units are: CENTIMETERS, MEV, and SECONDS. Units used are
listed in the COG printout. To use a different unit of length, one of the following may
be added to the BASIC Data Block inputs:

ANGSTROM or AU or A

MILLIMICRON

MICRON

MILLIMETER or MM
CENTIMETER or CM

METER or M

KILOMETER or KM

MIL or MILS

INCH or INCHES or IN

FOOT or FEET or FT
YARD or YD

MILE-STATUTE

MILE-INTERNATIONAL-NAUTICAL

Note that this definition of units applies throughout the problem—thus, if the unit of
length is set to be a meter, the unit of area in a detector definition must be given in
square meters.

Note: Calculated particle fluences are always reported in units of particles/cm2,
regardless of BASIC Data Block settings.

The unit of energy may be set to any of the following units by specifying the
appropriate name in the BASIC Data Block:

GEV

MEV

KEV

EV

JOULE

ERG
JERK

Note: Calculated particle energies are always reported in units of MeV,
regardless of BASIC Data Block settings.   
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Likewise, the units of time may be set to any of the following units by specifying the
appropriate name in the BASIC Data Block:

NANOSECOND or NS

SHAKE or SH

MICROSECOND

MILLISECOND or MS
SECOND or SEC or S

MINUTE or MIN

HOUR or HR or H

DAY or D

MONTH or MO

YEAR or YR

This time unit definition only affects the particle lifetime units or time masks and
does not affect other time definitions, e.g., the problem maximum running time limit
set by the TMAX option is always in minutes.

Note: Calculated particle times are always reported in units of seconds,
regardless of BASIC Data Block settings.

Internal to COG, units used are time in seconds, energy in MeV, distance in user-
specified units.

BASIC Data Block Switches and Physics Models
A number of options are allowed in the BASIC Data Block to set code switches and
select physics models.

Maximum Running Time – TMAX
To set a maximum time (CPU time) the problem will transport particles, the TMAX
option may be added to the BASIC Data Block :

TMAX  =  max-time            (in minutes)

where max-time is the maximum running time in minutes.

TMAX does not affect the running time of parallel jobs.

Note: TMAX's units (minutes) are not affected by the BASIC time-unit setting.
The BASIC time-unit setting applies only to particles.

Default: TMAX = 1.0E+8 minutes ( ~190 years) , which effectively turns this option
off.

Time Interval Between Restart Dumps – TDUMP
TDUMP sets the time interval (CPU minutes) between successive RESTART dumps
made by COG, as it runs your problem. See the preceding section RESTART –
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Running COG Longer for a description of this option. Default is 60 minutes. A final
restart dump is made at the end of the problem, unless the NOFINALRESTART
option is used.

TDUMP  =  dump-interval-time            (in CPU minutes)

Note: TDUMP’s units (minutes) are not affected by the BASIC time-unit setting.
The BASIC time-unit setting applies only to particles.

Default: TDUMP = 60 minutes .

Particle Interval Between Restart Dumps – NDUMP
As an alternative to TDUMP, NDUMP allows the making of a family of RESTART
files based on the number of source particles run.

NDUMP  =  npartdump

will produce a RESTART file every npartdump source particles. These restart files
have names of form: input.rdnxxxxxxxxxxx, where the 11 x-s are the zero-filled
source particle number. See the preceding section RESTART – Running COG
Longer for a description of this option. There is no default value for npartdump  – it
must be specified. .

NOFINALRESTART
As noted above, COG will make a final restart dump at the end of the problem run,
unless the option NOFINALRESTART is specified in the BASIC Data Block.

 NOFINALRESTART

Starting Random Numbers – RN
Monte Carlo codes use pseudo-random-number sequences to determine what will
happen to a particle in the course of the random walk. The initial state of the pseudo-
random-number generator is determined by the starting seeds ( integer numbers). The
exact same sequence of random numbers is replicated by generating another sequence
using the same starting seeds. Therefore, if two identical COG problems are run with
the same starting seeds, both will produce identical results. This is not normally
desirable, so COG starts each problem with seeds derived from the internal clock
present on all computers. For nearly all purposes, the initial seeds are randomly
chosen. These starting seeds are printed in the COG output file.

COG now uses the lagged-Fibonacci sequence Random Number Generator devised
by Marsaglia, Zaman, and Tsang.1 Each call to the RNG returns one real*4 floating-
point number in the range [0,1]. The lagged-Fibonacci pseudo-random-number
sequence is determined by two starting seeds. An independent random-number
sequence is generated for every unique pair of starting seeds. Acceptable values for
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first seed are 1 to 31328. Acceptable values for second seed are 1 to 30081. The
sequence length (the number of values generated before the sequence starts to repeat)
is 2144 or ~2x1043. The state of the RNG is specified by an array of ~100 real*4
generator values.

When COG is run in Parallel Mode, each slave COG process is given its own pair of
starting seeds. The uniqueness of the sequence generated from each pair of seeds, and
the great length of each sequence before it repeats, guarantee that each slave
calculation is statistically independent of all others. This allows the results from all
slaves to be validly summed, and a valid error estimate to be computed.

On some occasions, for debugging a user job or particle RETRACEing, it is desirable
to exactly duplicate a previous COG run. To do this, you must specify the values of
the two starting seeds within the BASIC Data Block as follows:

RN = rn1  rn2  (seqno)

where:

rn1 and rn2 are the two starting seeds you wish to use to start the sequence.

  rn1 is an integer in the range [1,31328].

  rn2 is an integer in the range [1,30081].

seqno is the ordinal number in the sequence of the first random number to be used by
COG.

Default: New random number seeds are used to start each run. The default value of
seqno is 1.

Electron-Positron Annihilation Events – ANNIH–GAMMAS
When an electron-positron pair-production event occurs, and the user has not
specified electron transport for the current region, then COG immediately annihilates
the pair to create gammas. In the interest of speed, normally just one gamma is
produced and followed (statistically, we get the same result as if two were followed,
because this one gamma is given twice the usual weight). If the user has a PULSE
type detector, then he may be simulating coincidence detection of the annihilation
gamma pair, and COG creates and follows two gammas. In general, the user may
specify the number of gammas, ngammas, to be created and followed by using this
line in the BASIC Data Block:

   ANNIH–GAMMAS  ngammas

Where ngammas may be 0, 1, or 2.

Example of requiring the code to follow both pair-production gammas.

BASIC  ANNIH–GAMMAS 2
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Note: This specification will not override the COG choices for the case of PULSE-
type detector (ngammas = 2) or EGS transport (ngammas = 0).

Default: ngammas = 1  (if electron transport not enabled for this region).

               ngammas = 0  (if electron transport is enabled for this region).

PHOTONUCLEAR Including Photonuclear Reactions –
Photonuclear reactions are not contained in the available photon libraries (EPDL89
and EPDL97), so generally are not included in a coupled neutron-photon problem. To
allow photonuclear reactions in the calculation, include the following statement in the
BASIC Data Block:

      PHOTONUCLEAR

This causes COG to load photonuclear reaction data  from the IAEA Photonuclear
Data Library and proceed as described in the Overview of Photon Transport, above.

Including Delayed Neutrons in Fission Reactions –
DELAYEDNEUTRONS

The fission process produces most of its neutrons instantaneously, but a few delayed
neutrons are released up to minutes after the initial fission event. Normally, only the
instantaneous (prompt) neutrons need be followed. However, in problems involving
steady-state reactor operation, the delayed neutrons should also be included. To
include these delayed neutrons in the calculation, include the following statement in
the BASIC Data Block:

      DELAYEDNEUTRONS

Note:  To get a realistic simulation of the delayed neutrons, the user must specify the
ENDFB6 library. Alternative COG neutron libraries (e.g., the ENDL database) do not
contain the data required to specify the delayed neutron spectra and emission times. If
these libraries are used, the only effect of specifying delayed neutrons is to increase
the nubar parameter for the prompt fission neutrons.

Note:  Only the prompt gammas emitted by a fission event can be transported. The
COG libraries currently do not include information on delayed gamma production.

Number of Secondary Particles Exiting a Collision–
NEUTRONPRODUCTION and PHOTONPRODUCTION

The number of photons and neutrons exiting a particle collision is termed the
multiplicity of the reaction. In the default mode, COG produces as many secondary
neutrons as the multiplicity of the reaction calls for (e.g., (n,2n) produces two exiting
neutrons). If the result of a neutron collision is a fission event, COG emits on average
“nubar” secondary neutrons, whose energies are sampled from the fission spectrum of
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the isotope struck. For example, if nubar is 3.5, COG will emit either 3 or 4 prompt
neutrons.

For photons, the default is that COG will track just a single photon exiting a collision
regardless of the multiplicity (its weight is adjusted to yield unbiased scores). This
single-photon procedure is the fastest-running option, and usually gives good results.

Optionally, the user can specify to COG the number of exiting secondaries to follow,
for neutron and/or photon production reactions. Including this line in the BASIC Data
Block:

   NEUTRONPRODUCTION  

† 

SINGLE
MULTIPLE

È 

Î 
Í 

˘ 

˚ 
˙ 

will cause COG to follow just one neutron (SINGLE) or the number of neutrons
specified by the reaction multiplicity (MULTIPLE).

Neutron Default: MULTIPLE

Including this line in the BASIC Data Block:

   PHOTONPRODUCTION  

† 

SINGLE
MULTIPLE

È 

Î 
Í 

˘ 

˚ 
˙ 

will cause COG to follow just one photon (SINGLE) or the number of photons
specified by the reaction multiplicity (MULTIPLE).

Photon Default: SINGLE

When SINGLE is chosen, fewer secondaries will be produced, and COG will run
faster to complete a fixed number of source particles. Whether this feature decreases
or increases the running time required to achieve a satisfactory answer depends on the
problem.

Fission-Produced Neutrons and Photons – NOFISSION and
MAXFISSION

If the entry:
NOFISSION

is included in the BASIC Data Block, no neutrons or photons will be produced in a
fission event. This option is useful for a shielding calculation involving a critical or
supercritical system, if one wishes to avoid an exponential increase in the number of
particles to be tracked. If a COG shielding job has a neutron source and a near-critical
mass of fissile material, very long neutron multiplication chains may be produced.
COG may take so much time tracking these secondary neutrons that the job never
completes in any reasonable time. You can set an upper limit on the number of
secondary neutrons you are willing to track from any source neutron, by including
this line in the BASIC Data Block:
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  MAXFISSION nmaxfiss

where nmaxfiss is the maximum number of secondary neutrons to be tracked from
any source neutron. If this limit is exceeded, tracking of the source particle and its
progeny stops, but all events up to this point are scored in a normal way. A warning
will be printed.

Writing Production Data Files– EPFILE and PHPFILE
COG can write files containing electron or photon production data for each problem
region. These files could then be used as input to other codes.

To write electron production data from reactions in each COG region into one or
more files, include this line in the BASIC Data Block:

EPFILE

To write photon production data arising from neutron reactions in each COG region
into one or more files, include this line in the BASIC Data Block:

PHPFILE

Proton Physics Options
 See Proton Physics Models for descriptions of these options.

HADRONIC PROTON MODEL modelname  representation

                       [ON/OFF]

MSCAT PROTON MODEL modelname

DEDX PROTON [ON/OFF]

ESTRAGGLE PROTON [ON/OFF]

ESTEP PROTON fraceval

DNEAR [ON/OFF]

BBOUNDCHECK [ON/OFF]

BASIC Data Block Example
Example of a BASIC Data Block:

BASIC NEUTRON INCH NANOSECOND

Default: COG units are: centimeters, MeV, seconds , TMAX = 1.0E+8 (minutes)

Required:  One of NEUTRON, PHOTON, ELECTRON, PROTON

For coupled problems, must specify all particle types to be transported (e.g.,
NEUTRON PHOTON ELECTRON).



BASIC Data Block 9/1/02

– 43 –

Optional:  

TMAX  max-time      (in minutes)

TDUMP dump-interval   (in minutes)

NDUMP dump-interval   (in # of source particles)

RN = rn1 rn2  seqno

ANNIH-GAMMAS number

PHOTONUCLEAR

DELAYEDNEUTRONS

NEUTRONPRODUCTION single / multiple

PHOTONPRODUCTION single / multiple

NOFISSION

MAXFISSION nmaxfiss

EPFILE

PHPFILE

HADRONIC PROTON MODEL

MSCAT PROTON

DEDX PROTON

ESTRAGGLE PROTON

ESTEP PROTON

DNEAR

BBOUNDCHECK
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The SURFACE Data Block

 SURFACES and GEOMETRY—Concepts
Particle transport codes require a description of the physical spaces, or volumes,
through which particles are to be transported. In code parlance, this is the problem's
geometry. These physical spaces and boundaries are defined by the information in the
SURFACE and GEOMETRY Data Blocks.  To new Monte Carlo users, the
specification of a problem's geometry can be a major and daunting effort.  COG was
written to make this geometry description task as simple and straightforward as
possible.  But for problems involving complex physical geometry, setting up
geometry even in COG will be no simple undertaking. A large part of learning the
COG geometry specifications is learning what geometrical features are important to
describe in detail and what features can be simplified.

Incorrectly calculated results can occur because the user oversimplified the geometry.
Perhaps some significant features were omitted from the problem, while others were
inappropriately approximated as, for example, specifying iron rather than the actual
stainless steel. In general, one must take pains to accurately model those spatial
features which will contribute significantly to the DETECTOR results. To identify
these important regions, it is useful to visualize the possible paths radiation may take
from source to detector. If possible, go and look at the structure being modeled;
sometimes viewing in “real” 3-D is the only way to spot significant details.

At the other extreme, too much time can be spent putting in unnecessary detail. This
wastes the time of the user putting in all this detail, and extends the running time of
the calculation as the code tracks particles through a complicated geometry.
Experience in running transport problems will allow you to determine when items can
be lumped together or fine detail omitted.  It may be worthwhile to run a number of
simple problems to evaluate the effects of problem detail on your results.

Generally speaking, two regions should be modeled in reasonable detail: the region
around the source and the region around the detector. An elementary calculation
shows why this is true. In a single scattering event the probability of a particle getting
to a detector zone is given by Ω1P1Ω2 where Ω1 is the probability (solid angle) of
getting to point 1,  P1 is the probability of scattering at point 1, and Ω2 is the

probability that a particle which scatters at point 1 arrives at the detector zone (at
point 2). The product Ω1Ω2 is a maximum for scattering near the source and near the

detector (either Ω1 or Ω2 large) and a minimum when Ω1 = Ω2. Another general
observation is that the volumes directly in line between the source and the detector
zone should be reasonably completely described. Often the direct (unscattered) flux is
the most important contribution to a background signal.
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In shielding calculations, you should also try to identify all likely secondary sources.
These are regions where relatively unattenuated flux can scatter near the detector.
These scattering regions can become secondary sources, generating scattered particles
which contribute heavily to the detector result. Often what needs to be modeled in
reasonable detail is not the complete geometry between source and detector, but only
those regions between the secondary sources and the detector.

Once the locations of any secondary sources near the detector have been identified,
do a simplified calculation of their respective intensity. A spreadsheet which allows a
quick and systematic solid angle calculation and first order (single scattering)
transmission, can be a great aid in doing these first order calculations. Distributed
sources can be approximated by breaking them down into a number of point sources.
These spreadsheet calculations should at least be accurate enough to show the order
of magnitude of the likely backgrounds. They are also invaluable as a reality check to
see if the Monte Carlo calculation is giving reasonable answers.

Through this kind of basic problem analysis, one can avoid unnecessarily complex
geometry specifications which contribute little to the accuracy of the problem
solution and may cause the problem to run so long that a “good” answer is never
obtained. The code can spend the vast majority of its time transporting particles into
areas that do not contribute to the detector results and too little time investigating
areas that do contribute significantly.

Distributed sources, multiple scattering, combined neutron and gamma-ray fields,
time history of background signals, differential angular and energy distributions at a
target, criticality calculations, etc., are all problems almost uniquely amenable to a
Monte Carlo calculation and often almost impossible to solve accurately by other
methods of analysis.
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Introduction to GEOMETRY—Approaches
Setting up the GEOMETRY description and its associated SURFACE descriptions
for a complex three-dimensional object is greatly facilitated by a systematic approach.
The more complex the problem, the more a systematic approach pays off; but even
simple problems can be set up more quickly and with fewer errors through a
systematic approach. Following is one system that works for many users—feel free to
modify it to meet your own needs

Obtain or make a sketch or drawing (by hand or with a computer drawing program if
you are familiar with one) of the problem’s geometry. Mechanical assembly
drawings, if available, often make an excellent start. Assembly drawings may have to
be supplemented by other drawings to find all of the needed dimensions. It may even
require taking a sketch pad and a tape measure to the assembly and making a
dimensioned sketch as you go. If this is a simple case, you may need only one cut
through the 3-D geometry to show everything you need. For a moderately complex
assembly, you may need a number of sectional views or a number of separate
sketches or drawings. These drawings do not necessarily have to be to scale but
should show the correct relationships for each surface of interest. For a very complex
geometry, a physical model is often the only way of correctly visualizing all the
possible interactions.

Analyze the geometry together with the locations and intensities of primary and
secondary sources to determine what “problem” it is you are trying to solve. Once the
problem is properly outlined, it is possible to see what geometry you need to describe
it and what needs to be calculated.  This is an important (and sometimes overlooked)
step and should be done with reasonable care if a “good” Monte Carlo calculation is
to be obtained. Only when the GEOMETRY is decided upon can the necessary
SURFACES and MATERIALS be chosen to describe it.

Four different Data Blocks have to be filled out to adequately describe the physical
geometry of the problem:  SURFACES, GEOMETRY, MIXTURE and ASSIGN. The
details of how to use these Data Blocks are explained in their respective sections.
These Data Blocks are most easily completed by referring to the sketch or drawings
of the geometry, perhaps supplemented by other information.

• Step 1: Obtain a dimensioned sketch(s) or drawing(s) of the problem’s geometry.
On the sketch or drawing choose a coordinate system. This same coordinate system is
used throughout the COG problem. If not using centimeters, MeV and seconds units,
specify other units in the BASIC Data Block.

• Step 2:  Select a volume and its boundary surfaces, and assign a different surf-ID#
to each surface. Label each surface in the sketch, and draw an arrow in the direction
of the positive outward surface normal (see Positive and Negative Sides of Surfaces,
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below) for each surface. Make sure each surf-ID# is used only once. Fill in the data
for each surface in the SURFACE Data Block.

• Step 3: Define a SECTOR (zonal volume) by its relationship to its boundary
surfaces.  Assign each sector a number and write this sect-ID# on the sketch. Make
sure each sect-ID# can not be confused with the surf-ID#. Fill in the data for each
sector in the GEOMETRY Data Block.

• Step 4:  In the MIX Data Block, specify the material which will fill this sector (if it
is not already specified). Assign a material number mat-ID# to the material, and
specify the name and specific gravity of each component of the material. Keep a list
of which sectors are assigned to each material.

• Step 5: Cycle through steps 2 to 4 until the GEOMETRY is defined.

• Step 6: Use the ASSIGN-M or ASSIGN-ML Data Block to assign the material
numbers to the sectors.
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Numbering and Naming Surfaces
The format for the SURFACES Data Block is:

SURFACES

  surf-ID#  SURFACE-NAME xyz-location etc. TR(translate-rotate)  . . .

Where:

SURFACES is a keyword identifying the SURFACES Data Block. It is used only
once per problem.

surf-ID#  is the user-assigned integer which identifies this surface to COG. It must be
unique in the problem, and lie in the range 1 to 9,999,999.

SURFACE-NAME is the COG surface name (e.g., CYL, SPHERE, PLANE )
indicating the surface type.  The list of approved mnemonic names and synonyms of
the various surfaces are given in the description of each surface.

xyz-location etc.  are the numerical parameters which specify the surface by giving its
location, orientation, and extent. These are listed for each surface in the next section.

TR(translate-rotate) are the optional Translate-Rotate commands that can be used to
translate and rotate the surface from its initially defined position into its desired
location in the problem.

Example:

 44 CYL 3.85   –1.  2.
indicates that surf-ID#  44 is a finite CYLINDER (CYL)  of radius 3.85 units whose
axis lies along the x-axis (by default). The cylinder is terminated by planes at x =  –1.
and x =  2.

 45 CYL 3.85     –1.  2.  TR 1. 2. 3.  1. 3. 3.
indicates an identically-defined cylinder which has been translated (TR) to the point
1. 2. 3. and rotated so that the cylinder axis is parallel to the y-axis (the axis passes
through the points (1,2,3) and (1,3,3)). The terminating planes are now at y = 1. and y
= 4.

Note:  You may define a surface you do not subsequently use.  However, two
different surfaces with the same surf-ID# causes a fatal error. Choose surf-ID#s that
have some meaning to you for ease of use. Different types of surfaces, planes,
cylinders, etc., could be assigned their own sequence of numbers (e.g., planes 1-20,
cylinders 40-60 ...). If length units other than centimeters are used to define the
surfaces, the units must be specified in the BASIC Data Block.
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Positive and Negative Sides of Surfaces
SURFACES are used in COG to bound volumes (which COG terms SECTORS, and
some other codes call “zones”). SECTORS are specified in COG by sector equations,
which list each surface that bounds the sector, and indicate which side of that surface
is the inside of the sector.

For example, the sector specification:

SECTOR 10 shield -10 +20 -30
states that the sector whose sect-ID# = 10 (which the user labels 'shield' ) is bounded
by the surfaces whose surf-ID#s are 10, 20 and 30. The inside of the sector is stated to
be on the negative side of surfaces 10 and 30, and on the positive side of surface 20.

The positive side of a surface lies in the direction of the positive surface normal. The
direction of the positive surface normal is determined by the code for all of the
surface types except PLANE, and is shown in the manual for each surface. For closed
surfaces, the positive normal points outward.

Default: Unsigned surf-ID#s are assumed to have a positive sign.

For example: to describe a sector whose sect-ID# = 3, named “sph1”, as the volume
inside a sphere (surf-ID#=10), all that is needed is:

SECTOR 3 sph1 –10

Positi ve
Normal

10 sphere
 sph1

To describe a sector whose sect-ID# = 4, named “out_sph1”, as the volume outside
the sphere (surf-ID#=10), all that is needed is:  (+ sign optional)

SECTOR 4 out_sph1 +10
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PLANE— Surfaces of Order 1:

For planes specified as normal to a coordinate axis, the positive normal points along
that positive coordinate axis.

For the general plane case, the user can specify the direction of the positive normal
(see PLANE definition). Normally one would want to choose this direction in some
consistent way. For example, one could choose it such that the object bounded by the
plane lies on the negative side of the plane, or alternatively, that the positive normal
points along a positive coordinate direction.

CYLINDER, CONE, SPHERE, PARABOLOID, etc. - Surfaces of Order 2:

For most simple second order surfaces – such as the sphere, cylinder, or cone – the
negative side of the surface is inside the volume enclosed by the surface and the
positive side is outside.

BOX, etc. — Pseudosurfaces:

COG allows the use of several pseudosurfaces.  These are simple surfaces pre-defined
to form a commonly-used closed volume such as a BOX (a psuedosurface composed
of six planes). COG defines the negative side as inside the volume enclosed by the
surface and the positive side as outside.

TORUS, etc. — Surfaces of higher order:

In some rare instances of higher-order surfaces, the user may find it difficult to
distinguish inside points from outside points (e.g., in a degenerate torus or hyperbolic
paraboloid). You should check the definitions of such higher order figures (in this
section) to ensure that your definition and the definition the code uses are the same.

NOTE: In the following section describing the surfaces, figures are shown with the
negative surface side as shaded.

O 10

Z

Y

     X 
(Positive
Normal)        
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Finite Limits to Surfaces
Many basic mathematically-defined surfaces are unbounded in extent (PLANE,
CYLINDER, CONE, etc.).  To describe a finite volume, these surfaces must be
limited by other surfaces. COG allows you to specify bounding planes for several
surface types.

Example: If the surface specified by surf-ID# = 17 is a right circular CYLINDER of
radius 7.51, you would express the input definition as:

17 CYLINDER  7.51
This defines a cylinder with its axis along the x-axis, of unbounded extent. (If no axis
is specified, cylinders in COG are generated along the x-axis). If you want a finite
cylinder bounded by planes normal to its axis at x = 5.3 and x = 12.8, you can add
this additional information thusly:

17 CYLINDER  7.51  5.3  12.8
All points within the finite cylinder are on the negative side of the surface; all points
outside are on the positive side.

In the detailed surface descriptions which follow, surfaces which the user may
terminate with planes have this entry:

{xb1  xb2}

 where xb1 and xb2 are the two x-axis end points.  The planes for the ends are drawn

through the points xb1 and xb2 , perpendicular to the x-axis.  The order that the two

x-values are given is not important—the surface exists at all points between the two.
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Translation and Rotation (TR) of Surfaces
All surfaces are initially "born" in the surface–definition coordinate system: x', y', z'.
To place a surface in an orientation or location other than its initial one, the user must
add to the surface specification a TR (translation/ rotation) specification of the form:

TR  xo yo zo  ( x1  y1  z1 )  ( x2  y2  z2 )

• Each COG problem has only one set of coordinates that is used throughout the
entire description of the problem.  This is the x,y,z coordinate system.

• Each surface is initially defined in the surface–definition coordinate system
x',y',z'—independent of all other surfaces and the problem coordinates. For simplicity,
the user may let the x',y',z' coordinate system and the x,y,z coordinate system
coincide.

• Each surface with an axis of symmetry is born with this axis coincident with the x'
axis. (Exception: cylinders and planes may be born along any coordinate axis).

• The TR command "moves" (i.e., maps) the surface from the initial x',y',z' coordinate
system into its desired location in the x,y,z coordinate system. If the surface definition
(e.g., for cylinders) includes truncating endplanes (specified by values of {x'b1  x'b2 }

), these endplanes are mapped along with the surface.

This TR mapping is determined in the following way:

— The first point,  xo yo zo, is the origin of the x',y',z' system, given in terms of its
desired COG x,y,z values.  This is the translation part of the specification.

— The second point,  x1  y1  z1, is any point on the positive x'-axis, other than the

origin, given in terms of its desired x,y,z values.  This point determines, usually, the
complete rotation specification.

— The third point,  x2  y2  z2, is only used for non-symmetric figures of rotation and

is any point on the positive y'-axis, other than the origin, given in terms of its desired
x,y,z values.

Because both systems are right-handed coordinate systems, it is unnecessary to
specify a point on the z'-axis. This third point is only necessary for objects that are
not symmetric about the object's x' axis.

Some examples where the third coordinates are needed are: ellipsoidal cylinders,
oblate or prolate spheres, and rectangular boxes.

For surfaces in which the x',y',z' and x,y,z systems are coincident, all the TR
specifications may be omitted. Obviously the easiest problem description is when
x',y',z' coordinates and the x,y,z coordinates are the same. Indeed an attempt should be
made to align any major symmetries in the problem along one of the coordinate axes.
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For surfaces in which the x',y',z' and x,y,z systems are parallel, only the xo yo zo
translation values need be given.

For surfaces with one or two axes of symmetry, the TR specification simplifies:

for a SPHERE, one need only specify xo yo zo;

for a CYLINDER, one need only specify xo yo zo and x1  y1  z1.

In the following definitions of surface specifications, the full statement of the surface
TR:

TR  xo  yo  zo   (x1  y1  z1 )  (x2  y2  z2)

 will be abbreviated for convenience as:

( TR  .... )

Note: The effect of rotating a PLANE can be to reverse the positive normal direction.
This needs to be considered when sector equations using the plane are defined.
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Example of a finite z-axis cylinder of radius 0.5, whose center is at z = 5 and whose
ends are at z = 4 and z = 6. In the surface–definition coordinate system, the initial
axis of this cylinder is along the x'-axis and the end planes are normal to the x’-axis.
We will use a TR specification to move it to the desired position shown here.

We start with this definition:

 17 CYLINDER 0.5 -1. 1.
which describes a finite cylinder of radius = 0.5 along the x'-axis, with its center at
the origin and its ends at x' = –1 and x' = +1.

For the TR specification, we write:

(xo,yo,zo ) = desired location of the cylinder origin in the x,y,z system  = (0,0,5)

(x1,y1,z1 ) = desired location of a point on +x' axis in the x,y,z system = (0,0,10)

This specification aligns the cylinder axis with the z-axis.

The final surface specification is:

17 CYLINDER 0.5 -1. 1.  TR 0. 0. 5.   0. 0. 10.

X

Z

4

6
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Example of the same cylinder in the same location, but defined in an alternative way.   

17 CYLINDER  0.5  4  6    TR 0 0 0   0 0 1

This demonstrates a common use of the TR command to rotate an object about the
origin (0, 0, 0)  into a preferred orientation.

Common rotation commands are:

TR  0 0 0  0 1 0 rotation from x-axis aligned to y-axis aligned

TR  0 0 0  0 0 1 rotation from x-axis aligned to z-axis aligned

 These rotations are combined with translations by adding  the translation increments
to both points.

For example,

• to only rotate a surface from x-axis aligned to y-axis aligned, use:

TR   0 0 0   0 1 0
• to both rotate a surface from x-axis aligned to y-axis aligned, and translate it to
point (1. 3. 5.) use:

TR   1. 3. 5.    1. 4. 5.
Example: Two TR commands are used to rotate two x-planes to truncate an x-
cylinder and form a bounded volume. The volume enclosed by the truncated cylinder
is given by the sector definition:

SECTOR 1 EXAMPLE +10 +1 –2

ø1

TR  0 0 0   1 -1.321 0 
 (x0 y0 z0) (x1 y1 z1)

x

y1 =(x1-x0)tanø 2
ø2

1 PLANE  0 0 0  1 0 0

+X

2 PLANE 0 0 0  1 0 0
TR   10 0 0   11 1 0 
  (x0 y0 z0) (x1 y1 z1)

y1 =(x1-x0)tanø 1

+N

+N

10 C X  2
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Example
Here we assemble several volumes via the TR command, which Translates/Rotates
surfaces from the surface-definition coordinate system x',y',z' into the problem
coordinate system x,y,z. The figure shows a section in the x-y plane.

Sector 14 consists of a cylinder (21) terminated in +y by plane 20 and in  -y by plane
22. These planes are placed into the geometry by defining them as x'–planes and then
TRing them to the desired location.

Sector 15 consists of a cylinder (26) terminated in +y by plane 25 and in -y by plane
27. The cylinder is translated to x = 10 and rotated by the TR command.

Sector 16 is defined as an x'-cylinder (30) which extends from -5 to 5 (center at zero).
It is translated by a TR command to x  = -10 and rotated by  -45°.

Sector 17 is defined as an x'-cylinder (31) which extends from  -5 to 5. It is translated
to y = -15 and rotated into the y–z plane.

Sector 18 describes a 45° cone confined between planes at x' = 0 and x' = 5. The
cone is translated to (0, 15, 0) and rotated into alignment with the  +Y axis.

20  plane  0 0 0  1  0 0
TR 0 10 0      -1 11  0

21 cyl  2   TR 0 0 0     0 1 0

22 p  0 0 0   1  0  0
TR   0 -5  0  1 -3  0

30 cyl   2  -5 5
TR  -10 0 0    -11 1 0

31 cyl   2 -5 5
TR 0  -15 0   0  -16  -2

25  p y 5

27 p y -5

26 cyl  2
TR 10 0 0   11 2 0

SECTOR 15 incyl26    -26  -25 +27

SECTOR 17 incyl31   -31

SECTOR  16 incyl30   -30

SECTOR 14 incyl21  -21  -20  +22

+Y

+X

[or simpler:
20 P 0 10  0   -1 11 0 ]

[or simpler:
22 P  0 -5  0   1 -3  0 ]

32 cone  1 1 0 5
TR 0  15 0   0 16  0

SECTOR 18 incone -32

Examples of using the TR command in the SURFACE Data Block and alternate
ways of defining surface positions.
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Surface Definition Explanation

1 plane 0. 0. 0.  1. 0. 0.
     TR 6. 0. 0.

an x-plane (normal to the x-axis) at x=6

1 plane 6. 0. 0.  7. 0. 0. an x-plane at x=6

1 PLANE X 6 an x-plane at x=6

1 P X 6 an x-plane at x=6

2 plane 0. 5. 0.  0. 6. 0. a y-plane at y=5

2 P Y 5 a y-plane at y=5

3 P Z 7 a z-plane at z=7

3 plane 0. 0. 7.  0. 0. 8. a z-plane at z=7

10 CYL Y 2.5 2.1 6.2 a y-axis cylinder of r=2.5, extending from y=2.1 to
y=6.2

1 CYL 3.3 2.1 6.2 an x-axis cylinder of r=3.3, extending from x=2.1 to x=
6.2 (x-axis = default axis)

2 CYL 4.9 TR 0. 0. 0.
             0. 1. 0.

a y-axis cylinder of r=4.9

2 C Y 4.9 a y-axis cylinder of r=4.9

3 C Z 2.9 a z-axis cylinder of r=2.9

4 CYL 1.9  TR 0. 10. 10.
              0. 11. 11.

a cylinder of r=1.9 with axis  passing through point
(0,10,10 ) and oriented at 45˚ between the y- and z-axes

5 CYL 2.1 TR 10. 0. 0
           10.866 0.5 0.

a cylinder of r=2.1 with axis  passing through  point
(10,0,0) and oriented at 30˚ between the x- and y-axes

2 CYL 2.2 TR 10. 0. 0.
           10.866 0. 0.5

a cylinder of r=2.2 with axis  passing through point
(10,0,0) and oriented at 30˚ between the x- and z-axes

6 SPHERE 5.0 TR 3. 4. 5. a sphere of r=5.0 with a center at (3, 4, 5) In general,
only enough TR points need to be given to
unambiguously define the surface location and
orientation.

 “SameAs” Surface Feature
This feature allows the user to specify a surface simply by stating that it is identical to
a previously-specified surface, but with a different TR Translation/Rotation spec.
This permits the user to easily specify a set of complex surfaces (e.g., surfaces of
revolution), all identical in size and shape, without having to enter the basic surface
spec more than once.
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The “sameas” feature is used to specify a surface this way:

surf-ID#    SAMEAS   reference-surf-ID#    (TR ....)

where:

surf-ID# is the user-defined surface ID# (integer) for the surface;

reference-surf-ID#  is the surf-ID#   of a previously-defined surface (not a sameas
surface) which provides the data for this surface definition;

(TR ...) is the Translation/Rotation specification to be applied to this surface.

Example: Set up a set of surfaces of revolution, based on the description given for
surface 102.

SURFACES
 100 BOX 30. 20. 20.
 102 REV 6 0. 0. 0.1 0.1  0.2 0.2 0.3 0.21 0.4 0.5 0.5
0.
 103 SAMEAS 102 TR 1. 0. 0.
 104 SAMEAS 102 TR 2. 0. 0.
  ...
GEOMETRY
 SECTOR 102 REV1 -102
 SECTOR 103 REV2 -103
 SECTOR 104 REV3 -104
 ...
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First Order Planar Surfaces

Plane
A plane can be specified by any one of the following four methods.

Coordinate plane (Plane normal to a coordinate axis)

To specify a plane normal to a coordinate axis, the surface definition is:

     surf-ID#   
Î
Í
Í
È

˚
˙
˙
˘PLANE

PLA
P

   
Î
Í
Í
È

˚
˙
˙
˘X 

Y 
Z 

   d     (TR ....)

where:
surf-ID# is the user-defined surface ID# (integer) for the surface;

PLANE (or PLA or P) is the keyword identifying the surface type;

X (or Y or Z) specifies the coordinate axis normal to this plane;

d = distance from the origin to the surface, along the coordinate axis.

Note:  The positive plane normal is in the direction of increasing coordinate value.

Example:

  2 PLANE X 10

specifies that surface 2, a plane, is normal to the x-axis; its x-axis intercept is at x=10.
The positive surface normal points in the +x direction.

O 10

Z

Y

X
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General plane, 2-point definition: To specify a general plane using the two-point
method, the surface definition is:

       surf-ID#  

† 

PLANE
PLA

P

È 

Î 

Í 
Í 
Í 

˘ 

˚ 

˙ 
˙ 
˙ 

x'1 y'1 z'1    x'2 y'2 z'2   (TR ....)

where:

surf-ID# is the user-defined surface ID# for the surface;

PLANE (or PLA or P) is the keyword identifying the surface type;

x'1 y'1 z'1  specifies a point on the plane;

x'2 y'2 z'2  specifies a point located on the plane positive normal through the first

point.

For this general plane case, the user specifies the direction of the positive normal.
Normally one would want to choose this direction in some consistent way. For
example, one could choose it such that the object bounded by the plane lies on the
negative side of the plane, or alternatively, that the positive normal points along a
positive coordinate direction.

For example, the specification:

  3 PLANE 0. 5. 0.   0. 6. 0.
says that this is a plane with surf-ID# 3, which passes through the point (0,5,0).
(Length units are specified in the BASIC Data Block). The second x y z triplet
(0,6,0) tells COG the plane is oriented in the y-direction (plane normal passes from
point (0,5,0) through point (0,6,0)).

General PLANE, 4-point definition: To specify a general plane using the four-point
method, the surface definition is:

  surf-ID#  

† 

PLANE
PLA

P

È 

Î 

Í 
Í 
Í 

˘ 

˚ 

˙ 
˙ 
˙ 

x'1 y'1 z'1    x'2 y'2 z'2   x'3 y'3 z'3   x'4 y'4 z'4    (TR ....)

where:

surf-ID# is the user-defined surface ID# for the surface;

PLANE (or PLA or P) is the keyword identifying the surface type;
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x'1 y'1 z'1, x'2 y'2 z'2, x'3 y'3 z'3   specifies three points on the plane (but not in a line);

x'4 y'4 z'4   specifies a point off the plane, located anywhere on the positive-normal

side.

General PLANE, analytic definition: To specify a general plane using the analytic
method, the surface definition is:

     surf-ID#   

† 

PLANE
PLA

P

È 

Î 

Í 
Í 
Í 

˘ 

˚ 

˙ 
˙ 
˙ 

c0   c1   c2   c3  (TR ....)

where:

surf-ID# is the user-defined surface ID# for the surface;

PLANE (or PLA or P) is the keyword identifying the surface type;

ci values are the coefficients of the analytic representation of the plane: 
c0 + c1x¢ + c2y¢ + c3z¢ = 0

Examples of the PLANE command used in the SURFACE Data Block
EXAMPLE Explanation

1 PLANE 0. 0. 0. 1. 0. 0 an x-plane at the origin

2 plane 6. 0. 0. 7. 0. 0. an x-plane at x = 6 units
or

3 PLANE x 6 an x-plane at x = 6 units

4 plane 0. 5. 0. 0. 6. 0. a y-plane at y = 5 units
or

5 plane y 5. a y-plane at y = 5 units

4 PLANE 0. 0. 8. 0. 0. 9. a z-plane at z = 8 units

6 plane 0. 0. 0. 0. 0. 1.
      TR 0. 0. 7.

a z-plane at z = 7 units

or
7 plane 0. 0. 7. 0. 0. 8. a z-plane at z = 7 units
or
8 plane z 7. a z-plane at z = 7 units

9 PLANE 0. 1. 2. 0. 2. 3. a plane rotated 45° with respect to the
 y and z axes
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Tetrahedron
A tetrahedron, a four-sided polyhedron, is specified by:

     surf-ID#    
Î
Í
Í
È

˚
˙
˙
˘TETRAHEDRON

TET
P4

   x'1 y'1 z'1    x'2 y'2 z'2   x'3 y'3 z'3

                                                                        x'4 y'4 z'4     {x'b1  x'b2 }  (TR ....)

where:

surf-ID# is the user-defined surface ID# for the surface;

TETRAHEDRON( or TET or P4) is the keyword identifying the surface type;

x'1 y'1 z'1   x'2 y'2 z'2   x'3 y'3 z'3   x'4 y'4 z'4  specify the four points falling at the

corners of the figure;

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,

normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.
 

Example of a TETRAHEDRON with points at (-.01 2.5 0.)  (-.01 -2.5 -2.5 )
(-.01 -2.5 2.5) (2.5 .0 .0):

  10 TET -.01 2.5 0.  -.01 -2.5 -2.5   -.01 -2.5 2.5   2.5
.0 .0
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Pentahedron
A PENTAHEDRON, a five-sided polyhedron, is specified by:

 surf-ID#    
Î
Í
Í
È

˚
˙
˙
˘PENTAHEDRON

PEN
P5

   x'1 y'1 z'1    ...  x'5 y'5 z'5   {x'6 y'6 z'6 }

                                                                      {x'b1  x'b2 }  (TR ....)

where:

surf-ID# is the user-defined surface ID# for the surface;

PENTAHEDRON( or PEN or P5) is the keyword identifying the surface type;

x'1 y'1 z'1 ...  specify the five or six points falling at the corners of the figure.

If there are five corners, the figure is a pyramid.  If there are six corners, the figure is
a wedge.  Note that the order of specifying the points must follow the order indicated
below.

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,

normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.
 

Example of a PENTAHEDRON with points at (-5 -5 0) (5 -5 0)  (5 5 0)
(-5 5 0) (0 0 10):

 12 PEN -5 -5 0   5 -5 0   5 5 0   -5 5 0   0 0 10
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Box
A BOX is a special case of a six-sided polyhedron and is specified by:

     surf-ID#   ÎÍ
È

˚̇
˘BOX

B    ax  ay az  (TR ....)

where:

surf-ID# is the user-defined surface ID# for the surface;

BOX (or B) is the keyword identifying the surface type;

ax  ay  az  specify the length of each side.

The center of the box is at the origin and the sides are parallel to the coordinate
planes.

 

Example of a rectangular BOX , x side = 2, y side=3,  z side = 2

32 BOX 2 3 2
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Hexahedron
A hexahedron is a six-sided polyhedron specified by:

surf-ID#  
Î
Í
Í
È

˚
˙
˙
˘HEXAHEDRON

HEX
P6

   x'1 y'1 z'1 ...  x'8 y'8 z'8   {x'b1  x'b2 }  (TR ....)

where:

surf-ID# is the user-defined surface ID# for the surface;

HEXAHEDRON (or HEX or P6) is the keyword identifying the surface type;

x'1 y'1 z'1 ...  specify the eight points falling at the corners of the figure and should be

specified in the order indicated on the figure below.

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,

normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.
 

Example: HEXAHEDRON
27 HEXAHEDRON 0. 0. 0.  5 0. 0.  5. 5. 0.  0. 5. 0.  1. 1. 1.

5 4 1  5. 4.4 5.  1. 4. 5.
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This input is listed in the COG outputfile as:

SURFACE NUMBER      27     HEXAHEDRON
POINT AT A CORNER     (0.00000E-01, 0.00000E-01, 0.00000E-01)
POINT AT A CORNER     (5.00000E+00, 0.00000E-01, 0.00000E-01)
POINT AT A CORNER     (5.00000E+00, 5.00000E+00, 0.00000E-01)
POINT AT A CORNER     (0.00000E-01, 5.00000E+00, 0.00000E-01)
POINT AT A CORNER     (1.00000E+00, 1.00000E+00, 1.00000E+00)
POINT AT A CORNER     (5.00000E+00, 4.00000E+00, 1.00000E+00)
POINT AT A CORNER     (5.00000E+00, 4.40000E+00, 5.00000E+00)
POINT AT A CORNER     (1.00000E+00, 4.00000E+00, 5.00000E+00)
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Right Prism
A general right prism with its axis parallel to the x'-axis is specified by:

     surf-ID#    ÎÍ
È

˚̇
˘PRISM

PRI    number-points  y'1 z'1   y'2 z'2    ...  y'n z'n

                                                                                     {x'b1  x'b2 }  (TR ....)

where:

surf-ID# is the user-defined surface ID# for the surface;
PRISM (or PRI) is the keyword identifying the surface type;
number-points is the number of corner points (and the number of prism edges) on the
y'z' face (see figure);
y'1 z'1 ...  y'n z'n  specify the corners of the prism on the y'z' face.
Note:  The corner points should be given in the order shown in the figure.  The
defined prism must be non-reentrant—i.e., any straight line drawn so it starts within
the figure and passes out through a side cannot again enter the figure.
{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,
normal to the x'-axis. The order that the two x'b values are given is not
important—the volume exists at all points between the two.
 

Example of a PRISM of six points located at (y' z') =(4 0), (3 4), (-2 4), (-4 2), (-3 -1),
(0 -2). Via a TR command, the prism is translated to a new origin  (-3 -6 0), and
rotated to point along the z-axis.

15 PRISM 6  4 0  3 4  -2 4  -4 2  -3 -1  0 -2
           TR -3 -6 0  -3 -6 1
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Right Pyramid
A general right pyramid with its apex at x' = 0 and its axis along the x'-axis is
specified by:

surf-ID#    ÎÍ
È

˚̇
˘PYRAMID

PYR    x'p   number-points  y'1 z'1   y'2 z'2    ...  y'n z'n {x'b1
x'b2 }  (TR ....)

where:

surf-ID# is the user-defined surface ID# for the surface;

PYRAMID (or PYR) is the keyword identifying the surface type;

x'p  is the distance from the origin to the y'z' plane where the corners of the pyramid

are to be defined;

number-points  is the number of corner points (and the number of pyramid edges) in
the y'z' plane at x' = x'p  (see figure);

y'1 z'1 ...  y'n z'n  specify the corners of the prism in the y'z' plane at x' = x'p .

Note: The corner points must be given in the order shown in the figure.  The defined
pyramid must be non-reentrant—i.e., any straight line drawn so it starts within the
figure and passes through a side cannot again enter the figure.

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,

normal to the x'-axis. The order that the two x'b values are given is not important—the

volume exists at all points between the two.
 

Example of a PYRAMID defined at x' = 2 with 6 pairs of (y' z') points, rotated to point
along the y-axis.

 27 PYRAMID 2.0  6   1 -2  2 -1  3 1  0 2  -6 0  -2 -1.75
                  0. 5.   TR 0 0 0  0 1 0



SURFACE Data Block
First Order Planar Surfaces
Right Pyramid 9/1/02

– 70 –

This input is listed in the COG outputfile as:.

SURFACE NUMBER      27     RIGHT PYRAMID
X' VALUE WHERE THE CROSS-SECTION IS SPECIFIED
2.00000E+00
CORNER AT Y'= 1.00000E+00  Z'=-2.00000E+00
CORNER AT Y'= 2.00000E+00  Z'=-1.00000E+00
CORNER AT Y'= 3.00000E+00  Z'= 1.00000E+00
CORNER AT Y'= 0.00000E-01  Z'= 2.00000E+00
CORNER AT Y'=-6.00000E+00  Z'= 0.00000E-01
CORNER AT Y'=-2.00000E+00  Z'=-1.75000E+00
SURFACE BOUNDED BY PLANES AT X'=  0.0 AND X'=  5.0
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The Whole Family of Second-Order Surfaces

Sphere
A sphere is specified by:

     surf-ID#    
Î
Í
Í
È

˚
˙
˙
˘SPHERE

SPH
S

   radius  {x'b1  x'b2 }  (TR ....)

where:

surf-ID# is the user-defined surface ID# for the surface;

SPHERE (or SPH or S) is the keyword identifying the surface type;

radius is the sphere radius;

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,

normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.

Example of a SPHERE of radius 9.5, truncated by x'-planes at x' = –8 and x' = 8,
rotated into the y-direction.

17 SPHERE 9.5 -8. 8.
   TR 0 0 0   0 1 0
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Ellipsoid
An ellipsoid is specified by:

     surf-ID#    
Î
Í
Í
È

˚
˙
˙
˘ELLIPSOID

ELL
E

   a  b  c   {x'b1  x'b2 }  (TR ....)

where:

surf-ID# is the user-defined surface ID# for the surface;

ELLIPSOID (or ELL or E) is the keyword identifying the surface type;

±a  are the x'-axis intercepts of the surface;

±b  are the y'-axis intercepts of the surface;

±c  are the z'-axis intercepts of the surface;

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,

normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.
 

Example of an ELLIPSOID with x', y', and z' intercepts of  9, 7, and 5 respectively.
The surface is truncated by x'-axis endplanes at x' = -7 and x' = 7.

27 ELL 9 7 5 -7 7



SURFACE Data Block
The Whole Family of Second–Order Surfaces
Right Circular Cylinder 9/1/02

– 73 –

Right Circular Cylinder
A right circular cylinder is specified by one of these two methods.

Coordinate cylinder (Axis coincident with a coordinate axis)

     surf-ID#   
Î
Í
Í
È

˚
˙
˙
˘CYLINDER

CYL
C

  
Î
Í
Í
È

˚
˙
˙
˘X 

Y 
Z 

   radius   {x'b1  x'b2 }   (TR ....)

where:

surf-ID# is the user-defined surface ID# for the surface;

CYLINDER (or CYL or C) is the keyword identifying the surface type;

X (or Y or Z) specifies the coordinate axis coincident with the cylinder axis;

radius   is the cylinder radius;

{x'b1  x'b2 } specifies the axis intercepts of two surface-truncating endplanes,  normal

to the cylinder axis. The order that the two x'b values are given is not important—the

volume exists at all points between the two.

TR Note: For coordinate cylinders, only translation is allowed via the TR
command. This type of cylinder may not be rotated into some other orientation.

General cylinder (Axis coincident with the x'-axis)

     surf-ID#   
Î
Í
Í
È

˚
˙
˙
˘CYLINDER

CYL
C

   radius   {x'b1  x'b2 }  (TR ....)

where:

surf-ID# is the user-defined surface ID# for the surface;

CYLINDER (or CYL or C) is the keyword identifying the surface type;

radius   is the cylinder radius;

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,

normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.

The general cylinder is defined with its axis coincident with the x'-axis. It may be
translated and rotated via the TR command to any desired position and orientation in
problem x,y,z coordinates.
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Example of a CYLINDER of radius 0.75 extending from x'  =  –.1 to x'  = 1.9, which
has been rotated into the y-direction by a TR command.

   27 CYL 0.75 -.1 1.9   TR 0. 0. 0.   0. 1. 0.
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Right Elliptical Cylinder
A right elliptical cylinder is specified by:

     surf-ID#    
Î
Í
Í
È

˚
˙
˙
˘ECYLINDER

ECYL
EC

   b  c   {x'b1  x'b2 }   (TR ....)

The cylinder axis is coincident with the x' -axis.

surf-ID# is the user-defined surface ID# for the surface;

ECYLINDER (or ECYL or EC) is the keyword identifying the surface type;

±b are the y'-axis intercepts of the surface;

±c are the z'-axis intercepts of the surface;

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,

normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.
 

Example of an elliptical cylinder, ECYLINDER, with y', z' intercepts of .35 and .8.
The surface has been truncated by endplanes at x' = 2 and x' = 4.4. The surface has
been rotated via a TR command into the y-direction.

  27 EC .35 .8   2. 4.4    TR  0 0 0   0 1 0
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Hyperboloid of One Sheet
A hyperboloid of one sheet is specified by:

     surf-ID#    ÎÍ
È

˚̇
˘HYP1

H1    a  b  c   {x'b1  x'b2 }   (TR ....)

The hyperboloid axis is coincident with the x' axis.

The figure is centered so that the minimum cross-sectional area occurs at x' = 0.
Planes perpendicular to the x'-axis intersect the figure to form ellipses with semi-axes
along the y' and z' directions.

surf-ID# is the user-defined surface ID# for the surface;

HYP1 (or H1) is the keyword identifying the surface type;

±b are the y'-axis intercepts of the surface in the plane x'  = 0;

±c are the z'-axis intercepts of the surface in the plane x'  =  0;

a determines the size of the ellipses in other x' planes. At x' = x'1, the ellipses are

enlarged by the factor:      1 + x'12/a 2   ;

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,

normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.
 

Example Hyperboloid of One Sheet, HYP1. The a-parameter  =  2.5, and the y' and z'
intercepts are 1.5  and 1.0 respectively. Truncating endplanes occur at x' = 1.7 and x'
= 3.5. The surface has been rotated into the z-direction.

 32 HYP1 2.5 1.5 1.0  1.7 3.5   TR 0 0 0   0 0 1
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Hyperbolic Cylinder
A hyperbolic cylinder is specified by:

     surf-ID#    
Î
Í
Í
È

˚
˙
˙
˘HCYLINDER

HCYL
HC

    b  c   {x'b1  x'b2 }   (TR ....)

The hyperbolic cylinder is a hyperbola in the y'z' plane extended along the x'-axis
without change.

surf-ID# is the user-defined surface ID# for the surface;

HCYLINDER (or HCYL or HC ) is the keyword identifying the surface type;

b  is the y' distance to the surface in the plane z' = 0;

c  determines the y' distance to the surface in other z' planes. At z' = z'1, the y' distance

to the surface is :  b 1 + z'12/c2  ;

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,
normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.
 

Example of a hyperbolic cylinder HCYLINDER with b-parameter = 1 and c-
parameter = 1.1. The surface is translated to (6.36, 6.36,0) and rotated into the z-
direction, via a TR command.

30 HCYLINDER 1 1.1  -2 2  TR 6.36 6.36 0  6.36 6.36 10  9 9
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This input is listed in the COG outputfile as:

 GEOMETRICAL SURFACE SPECIFICATIONS:  UNIT LENGTH IS ONE
CENTIMETER
   SURFACE NUMBER      30     HYPERBOLIC CYLINDER
     CONSTANT B =     1.00000E+00
     CONSTANT C =     1.10000E+00
     SURFACE BOUNDED BY PLANES AT X'= -2.00000E+00 AND
         X'=  2.00000E+00
     T/R DATA
CENTER OF (X',Y',Z') SYSTEM ( 6.36,  6.36,   0.0)
POINT ON X'-AXIS ( 6.36,  6.36,  10.0)
POINT ON Y'-AXIS ( 9.0,   9.0,    0.0)
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Parabolic Cylinder

     surf-ID#    
Î
Í
Í
È

˚
˙
˙
˘PCYLINDER

PCYL
PC

   y'1  z'1   {x'b1  x'b2 }   (TR ....)

The parabolic cylinder is a parabola in the (y’, z') plane, which extends indefinitely in
the x' direction.

surf-ID# is the user-defined surface ID# for the surface;

PCYLINDER (or PCYL or PC ) is the keyword identifying the surface type;

 y'1  z'1  specifies a point on the surface;

Note:  This surface extends indefinitely in the +z' and the ±x'  directions, and must be
terminated by other surfaces.

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,
normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.
 

Example of a parabolic cylinder PCYLINDER defined by point (y',z') = (1.2,0.7).

 31 PCYLINDER 1.2 0.7



SURFACE Data Block
The Whole Family of Second–Order Surfaces
Right Circular Cone 9/1/02

– 80 –

Right Circular Cone

     surf-ID#    
Î
Í
Í
È

˚
˙
˙
˘CONE

CON
K

   a  radius  {x'b1  x'b2 }   (TR ....)

The axis of the right circular cone is coincident with the x'-axis, with the apex at the
origin.

surf-ID# is the user-defined surface ID# for the surface;

CONE (or CON or K ) is the keyword identifying the surface type;

radius specifies the cone radius at x' = a;

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,

normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.
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Example of a CONE whose radius at a distance = 1 along the x'-axis, is 1. (a 45º
cone)

SURFACES
7 CONE  1. 1.

7 cone  1. 1.   $ 45° cone7  

7 cone  1. 1.  -5.  0.   $ Truncated cone 7

If a single cone, rather than the default double cone, is desired, you must use the {x'b1
x'b2 }  specification to eliminate one cone.
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Elliptical Cone

      surf-ID#    
Î
Í
Í
È

˚
˙
˙
˘ECONE

ECON
EK

   a  b  c  {x'b1  x'b2 }   (TR ....)

The axis of the elliptical cone is coincident with the x'-axis, with vertex at the origin.
In cross-section, the surface describes an ellipse with semi-axes along the y' and z'
directions.

surf-ID# is the user-defined surface ID# for the surface;

ECONE (or ECON or EK ) is the keyword identifying the surface;

b  is the y' semi-axis in the plane x' = a;

c  is the z' semi-axis in the plane x' = a;

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,

normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.

Note: If a single cone, rather than the default double cone, is desired, you must use
the {x'b1  x'b2 }  specification to eliminate one cone.
 

Example of an elliptical cone ECONE with y' and z' semi-axes of 1.1 and 0.55
respectively, measured in plane at x' = 1.0. Via a TR command, the vertex (origin) of
the cone is translated to (0.5,0,0).

  42 ECONE 1.0 1.1 0.55   TR 0.5 0. 0.
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Hyperboloid of Two Sheets

      surf-ID#    ÎÍ
È

˚̇
˘HYP2

H2    a  b  c   {x'b1  x'b2 }   (TR ....)

The axis of rotation of a hyperboloid of two sheets is coincident with the x'-axis. The
origin lies at the point of symmetry. In cross-section, the surface describes an ellipse
with semi-axes along the y' and z' directions.

surf-ID# is the user-defined surface ID# for the surface;

HYP2  (or H2 ) is the keyword identifying the surface;

±a  are the x'-axis intercepts of the sheets;

b  is the y' semi-axis in the plane x' = a √2;

c  is the z' semi-axis in the plane x' = a √2;

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,

normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.

Note: If a single-sheet hyperboloid, rather than the default double-sheet hyperboloid,
is desired, you must use the {x'b1  x'b2 } specification to eliminate one sheet.
 

Example of a two-sheet hyperboloid HYP2 with a-, b-, and c-parameters of .5, .35,
and .35 respectively.

 63 HYP2 .5 .35 .35
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Elliptic Paraboloid

      surf-ID#    ÎÍ
È

˚̇
˘EPAR

EP    a  b  c   {x'b1  x'b2 }   (TR ....)

The axis of rotation of the elliptic paraboloid is coincident with the x'-axis, with its
vertex at the origin. In cross-section, the surface describes an ellipse with semi-axes
along the y' and z' directions.

surf-ID# is the user-defined surface ID# for the surface;

EPAR (or EP) is the keyword identifying the surface;

b  is the y' semi-axis in the plane x' = 1/a;

c  is the z' semi-axis in the plane x' = 1/a;

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,

normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.
 

Example of an elliptic paraboloid EPAR with a-, b-, and c-parameters of 1.0, 0.8,
and 0.5 respectively.

  43 EPAR 1.0 0.8 0.5
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Hyperbolic Paraboloid

      surf-ID#    
Î
Í
Í
È

˚
˙
˙
˘HPARABOLA

HPAR
HP

   a  b  c   {x'b1  x'b2 }   (TR ....)

The axes of symmetry of the hyperbolic paraboloid are centered at the origin and
coincide with the coordinate axes.  This figure is described by the equation:

   (x'/a)2 – (y'/b)2 – cz' = 0

surf-ID# is the user-defined surface ID# for the surface;

HPARABOLA (or HPAR or HP ) is the keyword identifying the surface;

{x'b1  x'b2 } specifies the x'-axis intercepts of two surface-truncating endplanes,

normal to the x'-axis. The order that the two x'b values are given is not

important—the volume exists at all points between the two.
 

Example of a hyperbolic paraboloid HPARABOLA with a-, b-, and c-parameters of
1.1, 2.0, and 3.0 respectively.

 44 HPARABOLA 1.1 2.0 3.0



SURFACE Data Block
Special Figures of Rotation
Torus 9/1/02

– 86 –

Special Figures of Rotation

Torus

      surf-ID#    
Î
Í
Í
È

˚
˙
˙
˘TORUS

TOR
T

   r  a {b}   (TR ....)

The elliptical torus is formed by the rotation around the x'-axis of an ellipse defined in
the (x', y') plane.  This ellipse has its center on the y'-axis a distance r from the origin,
a semi-axis parallel to the x'-axis equal to a, and a semi-axis along the y'-axis equal to
b.  If b is omitted in the input, b is set equal to a, and a circular torus is defined.  Note
that the degenerate form (when b > r) excludes the central region.

surf-ID# is the user-defined surface ID# for the surface;

TORUS (or TOR or T) is the keyword identifying the surface;
  

Example of an elliptical TORUS, with a major radius r  =  1.0, and ellipse semi-axes
of 0.8 in x' and 0.5 in y'.

  43 TORUS 1.0 0.8 0.5
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Curve Made of Straight-Line Segments Rotated About the
X'-axis

surf-ID# 
Î
Í
Í
È

˚
˙
˙
˘REVOLUTION

REV
R

   number-points    x'1 r'1    x'2 r'2  . . . x'n r'n     

                                  (TR ....)
                                 OR

surf-ID# 
Î
Í
Í
È

˚
˙
˙
˘REVOLUTION

REV
R

   number-points   POLAR  r1 q1    r2 q2   . . . rn qn

                                    (TR ....)

The given points are connected by straight lines, forming a continuous curve. This
curve is then rotated about the x'-axis to form a solid figure.

surf-ID# is the user-defined surface ID# for the surface;

REVOLUTION  (or REV or R) is the keyword identifying the surface;

number-points is the number of line endpoints which follow;

x'1 r'1    x'2 r'2  . . . x'n r'n  are the line endpoints, where r' is the perpendicular

distance from the point to the x'-axis. Alternatively, the line endpoints may be given
as (r,q ) pairs and the code will convert them to

x’ = rcosq; r’ = |rsinq| .

Note: The x' values of the points must be given in increasing order.  If the first point
does not have a zero radius, the figure will be bounded by a plane at the first value of
x'. A similar termination is also done for the last given value of x'.

Alternatively, the surface points are specified as a set of (r,q) pairs, if the word
POLAR appears following number-points.  For this case:

r  = radial distance of the point from the surface definition Origin;

q  = polar angle, as measured from the positive x-axis to r.

These polar coordinates are converted to equvalent x’,r’ pairs, via

   x’ = rcos(q)

   r’ = r

Successive x’ values must be in increasing order.
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Example of a Surface of Revolution defined by seven pairs of points.

64 REVOLUTION 7  -2.4 0  -2.3999 1.5  -2 2.3  0 2.3
          0.5 1.0  1.7 1.0  2.4 0    TR 37.5 -2.5 0
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Special Surfaces

General Analytic Surfaces
A surface may be defined by an analytic equation containing terms up to the fourth
degree.

 surf-ID#  
Î
Í
Í
È

˚
˙
˙
˘ANALYTIC

ANA
A

    c1   T-ID1    c2   T-ID2  . . .   cn   T-IDn   (TR ....)

The analytic equation of the surface is of the form:

(a1x4 +a2y4 +a3z4) + (a4x3 +a5y3 +a6z3) + (a7x3y +a8x3z +a9y3z) + ...  an =  0

where only some of the coefficients aj are non-zero.

The user need specify just the non-zero coefficients and the terms in which they
occur.

surf-ID#  is the user-defined surface ID# (integer) for the surface;

ANALYTIC (or ANA or A) is the keyword identifying the surface type;

cj  is a non-zero coefficient in the analytic equation defining the surface;

T-IDj  is an ID word that identifies the equation term to which cj applies. For

example, if cj is the coefficient of the xy term, then T-IDj  is just the word XY. If cj is

the coefficient of the xy2z term, then T-IDj  is the word XYYZ.

Any permutation of the letters in a T-ID  is recognized as the same word: XYZ  XZY
YZX  YXZ  ZXY and ZYX all represent the xyz term.

Constant terms are represented by the T-ID word CONSTANT, or CONST, or, in
cases where no misunderstandings could result, just by omitting the T-ID altogether.
The same term may be entered more than once—in this case the code will sum the
input coefficients for like terms.

Example.  A sphere of radius 5 located at (5,-4,0) is defined by the following surface
equation:

(x  - 5)2 +  (y + 4)2 + z2 – 52 = 0

or expanding the equation:

X2 -  10X +  25 +  Y2 +  8Y +  16 +  Z2 - 25  = 0
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10 ANALYTIC 1.0 XX  –10.0 X  25.0 CONST 1.0 YY 8.0 Y
            16.0 CONST 1.0 ZZ –25.0 CONST

This could be specified to COG as follows:
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Topographical Surface

     surf-ID#   ÎÍ
È

˚̇
˘TOPOGRAPHICAL

TOP  X = x1  x2  x3  x4   . . . xn

Y = y1  y2  y3  y4   . . . ym

Z = z(x1,y1)  z(x2,y1)  z(x3,y1)  . . . z(xn,y1)

      z(x1,y2)  z(x2,y2)  z(x3,y2)   . . . z(xn,y2)

 .  .  .
  z(x1,ym)  z(x2,ym)  z(x3,ym)   . . . z(xn,ym)

where:

surf-ID#  is the user-defined surface ID# (integer) for the surface;

TOPOGRAPHICAL (or TOP ) is the keyword identifying the surface type.  This
approximates a topographical surface by specifying an n-value X-grid (E-W
direction) and an m-value Y-grid (N-S direction), and then specifying the z-value
(altitude) at every intersection point of the x- and y-grid.  The surface fit in each
section of this grid assumes that the curve is linear in x and, independently, linear in
y. This yields a second-order surface valid within each section of the defined grid.

Note:  No rotation or translation (TR) is allowed with this figure.
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The GEOMETRY Data Block
In the geometry Data Block, the user must specify all the volumes (SECTORs) that
constitute the three dimensional geometry of the problem.  The basic COG volume
element is the SECTOR, which is a volume bounded by surfaces described in the
SURFACES Data Block.  The sector is the smallest volume element of COG
geometry.  You specify a sector by giving a sector equation, which names each of
the surfaces bounding the sector (i.e. those surfaces forming the faces of the
volume) and states on which side of each surface the sector lies (i.e. which half-
space forms the volume interior).  The sector volume is defined by the intersection
of the specified surface half-space volumes.  Experience will indicate how finely
the geometry of any specific problem has to be described to yield satisfactory
results.  The GEOMETRY Data Block is started with the word:

GEOMETRY
and followed by specifications of SECTORs, FILLs, BOUNDARIES, and UNITs.

Sector Definitions
The format for a SECTOR is: SECTOR sect-ID#  name     ±surf-ID#1
±surf-ID#2  .  .  .

where:

sect-ID#  is a numerical label assigned by the user to identify this sector. The sect-
ID#  can be any integer from minus one to 999999.

(A sect-ID#  of -1 is predefined as a perfect absorber, and a sect-ID# of 0 is
predefined as a perfect vacuum; these special sect-ID#s are normally not used);

name  = user-assigned 8-character name for the sector;

±surf-ID#1   ±surf-ID#2 .  .  . constitute the defining sector equation.  This is just a
list of the surf-ID#s of all the surfaces which bound the sector. Each surf-ID# is
prefaced with a sign (±) to indicate on which side of the surface the sector volume
lies. The sector volume is defined as the logical intersection of the signed half-
space volumes.
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Example:

 SECTOR 10 CUBE -1 -2 -3 +4 +5 +6
specifies that the volume known to the user as #10, "cube", lies on the negative
sides of surfaces 1, 2, and 3, and on the positive sides of surfaces 4, 5, and 6. (Plus
signs may be omitted.) These surfaces must have been previously defined by
statements in the SURFACES Data Block. (See Positive and Negative Sides of
Surfaces for more information on signed surfaces.)

+ +

+

– –

–

1 2

3

Example: We wish to specify a finite cylindrical volume. We assume we have
already given a description in the SURFACES Data Block of two planes (with
surf-ID#s 1 and 2 ) and a cylinder (surf-ID# 3). All surfaces are of unbounded
extent. A sector definition for this finite cylinder would be:

  SECTOR 6 A_CYL  1 –2  –3
This sector equation says that our desired cylindrical volume lies in the positive
(right) half-space of plane 1, in the negative (left) half-space of plane 2,  and in the
negative (inside) half-space of cylinder 3; i.e., the sector is formed from the
intersection of these half-spaces.

Careful thought needs to be given in defining sectors so that there are no ambiguous
sectors or multiply-defined sectors. Each point of a user's space must fall in one and
only one sector. Many of the mathematical surfaces which COG provides are
infinite in extent. The user will have to specify other bounding surfaces in order to
form a sector of finite volume.
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Internal code operations, invisible to the user, re-order the sequence of surfaces that
define a sector so that those most quickly calculated occur first in the list. This
saves running time when determining if a particle is inside a given sector. In the
same manner, the code learns which sectors are the most probable ones to be
entered when a particle leaves a given sector through a given surface. The search
for a new sector starts with these most-likely sectors. Therefore, in setting up a
problem, no particular thought needs to be given to the ordering of sectors or to the
ordering of surfaces which bound sectors.

In the example below, the SECTOR that is within all three spherical surfaces,
named insideit, would be defined as:

  

SECTOR 7 insideit -1 -2 -3
As we mentioned above, no point may fall in more than one sector.

Example:  If we specified these two overlapping sectors:
SECTOR 7 INSIDE –1 –2 –3
SECTOR 8 ERR7      –2

COG would produce an error message, since sector 8 and sector 7 have some of the
same volume included in each. The best way to check for overlapping sectors is to
use the PICTURE statement
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The OR (Union) Operator

In many cases it is necessary to combine several, often overlapping, SECTOR
definitions into one, in order to describe a complex part. To accomplish this, the
sector definition is augmented by the OR (union) operator. This is of form:

SECTOR sect-ID#   name ±surf-ID#1   ±surf-ID#2         .   .   .

OR  ±surf-ID#11   ±surf-ID#12   .   .   .

OR  ±surf-ID#21   ±surf-ID#22   .   .   .

.   .   .

The OR operator causes the total sector definition to be the union of all the separate
pieces. These individual OR volumes may overlap if desired, without causing any
error.

The OR operator applies to all surf-ID#s following the OR until terminated by
another OR statement or the next SECTOR definition.

Example:  Consider the three overlapping spheres defined in the prior example
by surfaces 1, 2 and 3. The statement:

SECTOR 7 INSIDE3 -1 OR -2 OR -3
specifies that SECTOR 7 is the union of the three spherical volumes.
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Example of a more complex geometry:  This example geometry consists of 3
horizontal cylinders, 1, 2 and 3, and one vertical cylinder, 4, all enclosed by
spherical surface 10. In the figure below, surfaces are labeled with numbers
(surf-ID#s) near them, while sectors are labeled with circled numbers (sect-
ID#s).

Sector 1 is the inside of cylinder 2, bounded by planes 1 and 3.

Sector 2 is the inside of cylinder 4, bounded by planes 3 and 7.

Sector 3 is the inside of cylinder 8, bounded by planes 7 and 9.

Sector 4 is the inside of cylinder 5, bounded by planes 4 and 6.

Sector 6 is the volume outside of sphere 10.

Sector 5 is the volume between sectors 1-4 and sphere 10.

1 2 3

4

56

1
2 3

4

5
6

7 8

9

10

11

– +

– + – +
– +

+
–

+
–

SECTOR 1 LEFTCYL +1 -2 -3 $ FAR LEFT CYL BETWEEN 1 & 3
SECTOR 2 MIDCYL +3 -4 -7   $ MIDDLE CYLINDER BETWEEN 3 & 7
SECTOR 3 RIGHTCYL   +7 -8 –9  $ FAR RIGHT CYLINDER BETWEEN 7 &
9
SECTOR 4 TOPCYL -6 -5 +4 +11  $ TOP CYL IN TOP HALF SPACE
(+11)

    $ ABOVE 4 & -6
SECTOR 6 OUTSIDE +10 $ WORLD OUTSIDE OF SPHERE
SECTOR 5 LEFTOVER -10 +9 $ FAR RIGHT SECTOR

OR -10 +1 +2 -3 $ SECTOR FROM 1 TO 3 OUTSIDE 2
OR -10 +3 +4 -7 -11 $ LOWER MID SECTOR ABOVE 4 FROM 3-

7
OR -10 +7 +8 -9 $ SECTOR FROM 7 TO 9 OUTSIDE 8
OR -10 +11 -6 +5 +4 $ SECTOR AROUND TOP CYL BELOW 6
OR -10 +3 -7 +6 $ SECTOR ABOVE TOP CYL BET. 3 AND

7
OR -10 -1 $ FAR LEFT SECTOR
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Note: For sector 4, we need an auxiliary plane (11) to confine the definition of
sector 4 to the upper half space. Without this constraint it is also defined as an
infinite cylinder on the other side of 4 (dotted area in drawing).

Caution: Surfaces, being mathematical constructs, are often infinite in one or more
dimensions and may well extend where they are not wanted. The solution to
unwanted surface extension is to add an auxiliary plane (or other surface) that
constrains the definition to just the volume desired.

Void and Infinite–Absorber Sectors
COG recognizes two special sect-ID#s:

sect-ID#  = –1 signifies that the sector contains: an infinite absorber.

sect-ID#  =   0 signifies a void or perfect vacuum : zero absorber.

An infinite absorber is a fictitious material with an infinitely large absorbing cross
section. Any particle entering the region will be terminated automatically by the
code, and any point-flux estimation made through such a region will result in a zero
contribution.

A void is a region of vacuum with zero cross section and the particle passes through
it without interaction.  

FILL Sectors
A complete geometry specification describes every volume of the user's space. It
frequently is tedious and/or difficult to describe all the small "interstitial" volumes
between the major parts of the geometry. COG helps you out by assigning all
undefined volumes in your problem to a special default sector called FILL, which a
default sect-ID# = 0 – a void. If this condition is satisfactory, you need not specify
an alternative FILL material. The FILL sector always exists, even if you don't
specify it.

If you like, you can use some other material as a FILL for all undefined volumes by
specifying:

FILL mat-ID#

This tells COG to use the MIX Block material mat-ID# for the FILL material. Only
one such FILL statement is normally allowed per problem (see UNIT definition an
for exception).

Default:  FILL mat -ID# = 0, a void. See the MIX Data Block for information on
how to specify materials in your problem.
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Example of specifying a FILL Material:

Here, the MIX Data Block associates Material "air" with mat-ID# 2.

The FILL statement specifies that COG will use Material 2.

GEOMETRY
  SECTOR  10 AL         -1 2 -3 $ AL SCATTER PLATE
  SECTOR  11 NOT_HOLE   -7 4 -5 6 $ AREA OUTSIDE APERTURE
  SECTOR  12 HOLE        -6 4 -5 $ APERTURE
  BOUNDARY VACUUM  1 $ VACUUM BOUNDARY OUTSIDE 1
  FILL 2 $ USE MATERIAL 2 (AIR) FOR FILL
                    
MIX
  MAT 1  AL 2.7 $ ALUMINUM
  MAT 2 AIR 1.29E-3  $ AIR IS ASSIGNED A MATERIAL NUMBER OF 2
  MAT 3  TA  16.6 $ TA PLATE
ASSIGN-M $ ASSIGN SECI TO MATI, ETC.
  10 1      $ ASSIGN MATERIAL 1 (AL) TO SECTOR 10
  11 3      $ ASSIGN MATERIAL 3 (TA) TO SECTOR 11
  12 2           $ ASSIGN MATERIAL 2 (AIR) TO SECTOR
12
  20 2     $ ASSIGN MATERIAL 2 (AIR) TO SECTOR
20

An example of how you can assign different FILLs to different regions of the
geometry. In this case, you would have to use the UNIT Data Block (see Geometry
UNITS for details):

DEFINE  UNIT  4
SECTOR  17  BB1  -1 2 3 -4
SECTOR  18  BB2  -5 2 3 -4
FILL    3 $ FILL FOR UNIT #4
DEFINE  UNIT  7
SECTOR  20  CC1  -7
SECTOR  21  CC2  8 -9
SECTOR  22  CC3  -8 9
FILL 1  $ FILL FOR UNIT #7

Fill Note: The disadvantage to using fill is that run time is increased. COG has a
learning mechanism which allows it to quickly find the next sector following a
boundary crossing. But if either the prior or the new sector is FILL, then COG must
check every sector in the current unit level to find the containing sector.
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Specifying Boundary Conditions
A boundary condition imposes a constraint on the problem being run. The type of the
boundary will determine what happens to a particle that hits it.

 Boundary Vacuum
The random walk of a particle ceases if it hits a BOUNDARY VACUUM. This event
tells the code that the particle is leaving the user-defined geometry, never to return.
When this occurs, COG terminates the particle trajectory and computes detector
scores. In most problems, the use of the vacuum boundary condition saves
calculational time by not tracking particles beyond regions of interest. If desired, a
source can be specified in a vacuum boundary inside the vacuum. The code lets the
particles move as if they were in a vacuum, and will commence tracking them if they
enter the defined geometry.

The user specifies the BOUNDARY VACUUM as the volume lying outside and
bounding the user’s problem geometry. This volume is defined in the same way as for
a SECTOR. The appropriate statement is:

BOUNDARY  VACUUM         ±surf-ID#1   ±surf-ID#2 .   .   .

                                             { OR  ±surf-ID#11   ±surf-ID#12  .   .   . }

                                                       .   .   .

Example of a BOUNDARY VACUUM specification:

$   TWO NESTED SPHERES
SECTOR 21 SPH1      -10
SECTOR 22 SPH2  +10 -20
BOUNDARY VACUUM +20 $ THE VOLUME OUTSIDE SECTOR 22

If necessary, more than one boundary specification may be made.

If the FILL material for the problem is defaulted to void, a default vacuum boundary
condition exists at the outside of each problem. But as noted in the Fill description,
the problem will run faster if a BOUNDARY VACUUM is explicitly inserted into the
Geometry.

Note: COG requires that each problem be bounded by a BOUNDARY VACUUM,
or alternatively that a void fill material be specified for the problem. This ensures that
particles will not enter a physical medium of unbounded extent, which would cause
COG to expend an indefinite amount of useless computational effort tracking these
particles.

Note: The user needs to ensure that his defined sectors don’t penetrate the
BOUNDARY VACUUM, or COG can waste time tracking particles inside the
BOUNDARY VACUUM sector.



GEOMETRY Data Block
Specifying Boundary Conditions 9/1/02

– 100 –

Boundary Reflecting
A reflecting boundary produces specular (mirror) reflection of incident particles back
into the problem, with no change to particle weight or energy. Specular reflection is
defined so that the returned particle is reflected at the same angle from the normal to
the boundary as the incident particle. Hence, the incident direction, the normal, and
the reflected direction all lie in the same plane.

In a physical sense, this boundary lies at a place where the same particle flux
distribution exists on each side of the boundary. Thus, if your problem is known to
have a symmetrical flux about a surface, you may be able to restrict the calculation to
volumes on one side only of the surface, and save computation time.

The BOUNDARY REFLECTING is specified like a sector, and describes the volume
on the outside of your reflecting surfaces.

The specification for the BOUNDARY REFLECTING is:

BOUNDARY  REFLECTING       ±surf-ID#1   ±surf-ID#2  …
                                                     {OR  ±surf-ID#11   ±surf-ID#12  …}

                                                          …
A source placed outside a reflecting boundary will yield a fatal error message and
terminate the problem.

Example of a BOUNDARY REFLECTING specification.

SURFACES
$ RADIAL ZONES
 10 CYL Z 10.  -20. 20.
 12 CYL Z 20.  -20. 20.
 14 CYL Z 30.  -20. 20.
$ REFLECTING PLANES
 20 PLANE X 0.
 22 PLANE Y 0.

GEOMETRY
 SECTOR 10 ZONE1 -10      +20 +22
 SECTOR 12 ZONE2 +10 -12  +20 +22
 SECTOR 14 ZONE3 +12 -14  +20 +22

 BOUNDARY VACUUM +14      +20 +22 $ FOR R > 30
 BOUNDARY REFLECTING      -20 OR –22
 $ DESCRIBES THE VOLUME TO THE LEFT OF PLANE 20 OR BELOW PLANE 22
 $ PARTICLES REFLECT AT THE SURFACE(S) OF THE BOUNDARY VOLUME
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10

12

14

20

22 X

Y

This quarter-round geometry with reflecting planar boundaries is equivalent to a 360 -
degree geometry.

Warning:  Any COG surface can be used as a REFLECTING BOUNDARY, but you
are almost sure to get the wrong answer unless the reflecting surface is a plane. If
inserting the reflection surface into your “whole” problem would change the angular
flux at that location, then it cannot be used.

Warning:  COG imposes a restriction on BOUNDARY REFLECTING problems
when a POINT DETECTOR is used. The answers so calculated are nearly always
wrong. The point flux estimator looks at each collision site in the random walk and
makes an estimate of the contribution to the flux at the specified point. If there is a
reflecting boundary in the problem, collisions on the other side of the boundary are
not evaluated. The point detector results will be wrong (too low) because of these
missing collisions. If there were always just one boundary, and it were always a
plane, it would be simple to have the code evaluate the point estimation correctly.
However, it is possible to specify many such boundaries in one problem; there are,
consequently, many difficulties in making the code operate correctly under such
cases. When a problem contains both reflecting boundaries and point detectors, an
error warning is printed to remind the user of these facts. If the contribution from the
missing volume would be small, the problem solution could be acceptable. Users
must decide for themselves.
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Boundary Periodic
The periodic boundary is specified by:

BOUNDARY  surf-ID#P      PERIODIC   ±sc1  { ±sc2 …}  { OR  …}

 where surf-ID#P specifies a surface (previously defined in the SURFACES Data
Block) which will become a periodic boundary.

±sc1 specifies the surf-ID#  of a surface which will become a conjugate periodic
boundary.

Whenever a particle penetrates a conjugate periodic boundary, by moving to the
signed side of the surface sc1, the particle is translated to surface surf-ID#P, at the
point where the normal to the conjugate surface, drawn through the particle
penetration point, hits the periodic boundary.

The periodic boundary is used occasionally in criticality problems when the
multiplication of an infinite number of stacked arrays is desired. A simple one-
dimensional problem would look like:

  

Periodic boundaries are defined on the left (the negative half-space of surface one),
and on the right (the positive half-space of surface two) thusly:

BOUNDARY 1  PERIODIC  +2
BOUNDARY 2  PERIODIC  -1

Whenever a particle penetrates surface 2 (the surface conjugate to boundary 1), it is
moved to a point on surface 1 where the normal to the struck boundary intercepts
surface 1. The direction, weight, and energy of the particle are unchanged, and the
particle is allowed to continue on its trajectory. Likewise, when a particle penetrates
surface 1 (the surface conjugate to boundary 2), it is moved to surface 2.

The user may extend this example to four or six planes or to surfaces that are not
planes. Fatal errors are encountered if a source is located outside the boundary or if
point detectors are used.
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Geometry UNITS

The UNIT Definition
A large or complex problem can require hundreds of SECTOR statements to fully
define the GEOMETRY. In many cases, the COG geometry setup can be
considerably simplified by using UNITs, or geometric sub-assemblies. The UNIT
may be thought of as a "packaged" part or sub-assembly, with its own internal
structure. Each UNIT is defined separately from all other parts. Once defined, it may
be used repeatedly in the problem geometry in different orientations or locations.

UNITs have other advantages as well. Complex geometries can be subdivided into
smaller and easier-to-use sub-sections. Major components, such as accelerator
sections or diagnostic lines-of-sight, often have their own “natural” axis or center-
line. Describing such a component in COG terms is greatly simplified if the
component axis lies along a COG coordinate axis. The UNIT feature allows any
component to be described using its “natural” or most convenient coordinate system.
This UNIT or sub-assembly can then be translated and rotated into its proper position
in the problem geometry.  This is analogous to building some piece of apparatus on
your workbench, where construction is most convenient, then installing it, as an
assembly, where it is to be used. Once a sub-assembly or UNIT is described it can be
re-used as many times as needed in different locations. UNITS also allow a different
FILL material to be assigned in each UNIT, which is often an advantage.

A UNIT is just a collection of the same kind of SECTOR and FILL statements which
are used in ordinary COG geometry setup. The only difference is that the UNIT
geometry does not automatically become part of the problem geometry. The user
must provide one or more USE UNIT statements to insert a DEFINEd UNIT into his
problem.

The UNIT DEFINITION has the form:

DEFINE UNIT unit-ID#1

SECTOR  .  .  .

FILL    .  .  .

USE UNIT UNIT-ID#2   .  .  .

 .  .  .

where:

DEFINE UNIT is a keyword denoting the start of the UNIT definition;

unit-ID#1 is a UNIT identification number (integer), assigned by the user to identify
this UNIT;
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This is followed by the same kind of SECTOR and FILL statements used in an
ordinary COG GEOMETRY Data Block. As shown above, the UNIT definition may
include other UNITS, via the USE UNIT statement. Here, unit-ID#2  is the UNIT
identification number of another DEFINEd UNIT.

UNITs may be nested to a level of 50. The UNIT definition is terminated by another
DEFINE UNIT statement, a PICTURE statement, or by the end of the GEOMETRY
Data Block.

Note: BOUNDARY statements are not allowed in a DEFINE UNIT definition.

Note: A UNIT's geometry does not automatically become part of the problem
geometry. The user must employ a USE UNIT statement to insert a DEFINED UNIT
into the problem.

Note: Electrons and protons cannot be transported inside UNITs.

Example of UNIT DEFINITIONs:

GEOMETRY
  SECTOR   1  ...
  SECTOR   2  ...
  USE UNIT 7  ...  $ INSERTS UNIT 7 (AND NESTED UNIT 4)
                    $  INTO PROBLEM
      . . .
      . . .
DEFINE UNIT  4 $ START DEFINITION OF UNIT 4
  SECTOR   17  ...
  SECTOR   18  ...
  FILL   3 $ FILL FOR UNIT 4
DEFINE UNIT  7    $ TERMINATES UNIT 4 DEF,BEGINS UNIT 7 DEF.
  SECTOR   20  ...
  SECTOR   21  ...
  USE UNIT   4  ...   $ NESTED UNIT
  SECTOR   24  ...
PICTURE CS MATERIAL ...$PICTURE STATEMENT TERMINATES UNIT 7 DEF.
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The USE UNIT Statement
Once you have created a UNIT, how do you insert it where you want? The basic idea
is to specify a "shell" or bounded volume in your problem and insert the UNIT inside
the shell. If you specify a shell smaller than the UNIT, the UNIT will be "clipped" to
the size of the shell. UNITs may be moved, rotated, inserted and reused anywhere in
the problem geometry you desire, even inside other UNITs. The following format
(identical in form to the SECTOR definition) is used to insert a DEFINED UNIT into
the problem geometry:

  USE UNIT  unit-ID# unit-name   ±surf-ID#1    {±surf-ID#2 .  .  .}

                                                                       {TRU .  .  .}

where

unit-ID# is a DEFINED UNIT's unit-ID#;

unit-name  = user-assigned 8-character name for this USE UNIT instance;

 ±surf-ID#1    {±surf-ID#2 .  .  .}  are the surf-ID#s of the surfaces (defined in the
problem's SURFACES Data Block) which together form the boundaries of a closed
"shell" or volume (SECTOR) into which the UNIT will be inserted. Exactly as in a
SECTOR definition, the intersection of all the specified surface half-spaces must
form a unique volume in the problem.

Note: the unit-instance bounding surface must be closed; i.e., a line drawn in any
direction from any point of the unit must encounter one of the surfaces specified in
the USE UNIT  statement.

 {TRU .  .  .}

 defines a Translation/Rotation specification for the UNIT, which is identical in form
to the one used for SURFACES. The TRU specification will be applied to move the
UNIT to the desired location and orientation in the problem. (See Section SURFACE
Data Block: Translation/Rotation (TR) of Surfaces for more details).

Note: The USE UNIT's TRU statement does not apply to the shell-forming
SURFACES used in the USE UNIT statement, but only to the DEFINED UNIT. The
shell-forming SURFACE locations are determined by their definitions in the
SURFACES Data Block (including any possible TR statements there).
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Example of using one DEFINED UNIT in several places in a problem. Note that the
TRU statement only applies to the location of DEFINED UNIT 100 and not to
SURFACEs 300, 301, etc.

SURFACES
$------------THESE ARE THE SURFACES USED IN UNIT 100---------
  100 BOX  156.44  1.63575  1.63575  TR  78.22001 0 0
  101 CYL X        0.602996
  102 CYL X        0.521716
  103 CYL X        0.514858
  104 P X          0.318
  105 P X        153.62
  106 P X        156.122
  107 P X        156.44

$--THESE ARE THE SURFACES USED TO FORM "SHELL" SECTORS FOR
$         INSERTING UNIT 100 INTO--------
300 BOX  156.44   1.635755   1.635755

TR  78.22001 18.81124  -2.45364
301 BOX  156.44   1.635755   1.635755

TR  78.22001 18.81124  -0.81788
302 BOX  156.44   1.635755   1.635755

TR  78.22001 18.81124   0.81788
303 BOX  156.44   1.635755   1.635755

TR  78.22001 18.81124   2.45364
304 BOX  156.44   1.635755   1.635755

TR  78.22001 18.81124   4.08940

$------DEFINITIONS OF SECTORS AND UNITS----------------------
GEOMETRY
  USE UNIT  100  ELE300    -300  TRU  0 18.81124  -2.45364
  USE UNIT  100  ELE301    -301  TRU  0 18.81124  -0.81788
  USE UNIT  100  ELE302    -302  TRU  0 18.81124   0.81788
  USE UNIT  100  ELE303    -303  TRU  0 18.81124   2.45364
  USE UNIT  100  ELE304    -304  TRU  0 18.81124   4.08940
DEFINE UNIT 100
  SECTOR 110 WATER2 -100 +101
  SECTOR 111 CLAD   -101 +102 +12  -107
  SECTOR 112 WATER3 -102 +103 +104 -105
  SECTOR 113 FUEL   -103 +104 -105
  SECTOR 114 AL1    -102  +12 -104
  SECTOR 115 WOOL   -102 +105 -106
  SECTOR 116 AL2    -102 +106 -107
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In each USE UNIT instance, the DEFINED UNIT 100 is translated according to
the TRU statement and inserted into the specified "shell" SURFACES (300,301,
etc.). The "shell" surface(s) must form a completely bounded volume (here a box).
Note that we have used the TR statement in each SURFACE statement to move the
"shell" SURFACEs 300, 301, ... into position in the problem. After translation,
each of these BOXes extends from x = 0 to x = 156.44.  Only that part of UNIT
100 which fits inside each "shell" BOX will appear in the problem.

When COG processes a USE UNIT statement, it takes the DEFINED UNIT (with all
its sub-structure, including perhaps other nested UNITs), and performs the TRU
operation specified. COG then inserts into the problem, as much of the DEFINED
UNIT as will fit inside the shell specified in the USE UNIT statement. In other words,
the shell acts as a clipping boundary for the DEFINED UNIT. When a particle moves
from outside the shell to the inside, it enters the DEFINED UNIT geometry at the
point specified by the intersection of the trajectory with the shell. The coordinates of
the particle are then transformed (through the inverse TRU operation) into the UNIT's
coordinate system of definition. Tracking continues within the UNIT until the particle
passes out through the USE UNIT shell (or until it enters a nested UNIT).

In the definition of a DEFINE UNIT, you can USE one or more other DEFINE
UNITS.  Thus, UNIT 4 could be defined as:

DEFINE UNIT 4
  SECTOR   17  BB1  . . .
  SECTOR   18  BB2  . . .
  USE UNIT 30 unit30  -300     TRU  0 112. -22.
  . . .
  FILL      3

The user would, of course, have to provide a definition for UNIT 30.  UNITs may be
nested 50 levels deep.  When an error occurs in the geometric setup, the level number
is also printed in the resulting fatal error statement. In COG terminology, level–0 is
the level of the normal problem geometry. If a particle enters a UNIT USEd in the
level–0 geometry, it passes to level–1. If the particle enters anther UNIT nested
within the first one, it passes to level–2, etc.

One consequence of using UNITS is that sectors with the same sect-ID#s will appear
at multiple locations in the problem. If the user defines a detector to include any
UNITized sector, then that detector will score particles for all of the sector instances.
If separate detector results are wanted for identical sub-assemblies in different
locations, UNITS will not work. The detector REGIONs will have to be given
different sect-ID#s/region-ID#s and explicitly treated as separate entities.

Example of a UNIT inserted multiple times into a problem geometry, and clipped
by the USE UNIT shell. UNIT 4 consists of a sphere surrounded by a specified fill
material, which extends outward indefinitely. We have two cylindrical annuli



GEOMETRY Data Block
Geometry UNITS           
The USE UNIT Statement 9/1/02

– 108 –

(SECTOR 10, on the left, and SECTOR 11, on the right) into which we want to
insert the UNIT.  We specify the finite cylinders 2 and 4 as the 'shell' surfaces to
bound the UNIT instances.

SURFACES
$ INCLUDES SURFACES FOR MAIN GEOMETRY AND UNITS.
$ MAIN GEOMETRY SURFACES:
 1 CYL Z 5.  -4. 4. $ CYL ALONG Z, R = 5, ENDPLANES AT +-4.
       TR -8. 0. 0. $ TRANSLATED TO X = -8.
 2 CYL Z 3.  -4. 4. $ CYL ALONG Z, R = 3, ENDPLANES AT +-4.
       TR -8. 0. 0. $ TRANSLATED TO X = -8.
 3 CYL Z 5.  -4. 4. $ CYL ALONG Z, R = 5, ENDPLANES AT +-4.
       TR  8. 0. 0. $ TRANSLATED TO X = 8.
 4 CYL Z 1.  -4. 4. $ CYL ALONG Z, R = 1, ENDPLANES AT +-4.
       TR  8. 0. 0. $ TRANSLATED TO X = 8.
$ UNIT SURFACES:
 5 SPHERE 2.              $ SPHERE AT ORIGIN, RADIUS  = 2.

GEOMETRY
 SECTOR 10 LEFTCYL  -1 +2    $ LEFT CYLINDRICAL ANNULUS
 SECTOR 11 RIGHTCYL -3 +4    $ RIGHT CYLINDRICAL ANNULUS
 USE UNIT 4 LEFT  -2   $ USE UNIT 4 INSIDE CYLINDER 2
        TRU -8. 0. 0.   $ BUT TRANSLATE UNIT FIRST TO
                       $  X = -8.
 USE UNIT 4 RIGHT -4   $ ALSO USE UNIT 4 INSIDE CYLINDER 4
        TRU  8. 0. 0.  $ BUT TRANSLATE UNIT FIRST TO
                       $  X = +8.
 FILL   0              $ SPECIFY A FILL MATERIAL OF VOID

DEFINE UNIT 4
 SECTOR 20 SPHERE -5
FILL   4             $ SPECIFY A DIFFERENT FILL MATERIAL
                      $ FOR UNIT 4
PICTURE CS M -17. 0. 6.  -17. 0. -6.  17. 0. -6.
MIX
 MAT = 1 H2O 1.
 MAT = 2 C   1.
 MAT = 3 AIR 0.001
 MAT = 4 H   0.001
ASSIGN-M  $ ASSIGN TO EACH SECTOR,
          $   A MATERIAL NUMBER
 10 1  11 1
 20 2
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UNIT 4 FILL

Shell surface 2
enclosing UNIT 4

Shell surface 4
enclosing UNIT 4

Sectors

10 20 10

Sectors

2011 11
Z

X

Note the clipping action of the bounding 'shell' in the USE UNIT statements.  Both
cases are legal.  You must check that the resulting physical model is what you want.



GEOMETRY Data Block
Geometry UNITS
UNIT FILL 9/1/02

– 110 –

The UNIT FILL
Each UNIT will have its own particular FILL, which may be set by the user to a
desired material, or defaulted to void. FILL exists in the "interstitial" gaps between
defined sectors in the UNIT and extends outward to where it is clipped by the
confining shell of the USE UNIT statement.  To specify a FILL for any UNIT, use the
form:

FILL mat-ID#

inside the UNIT DEFINITION.

mat-ID# is the material number of a material in the MIX Data Block. The previous
examples showed different FILL statements in different UNITS. The FILL sector
always exists in each UNIT, even without user specification and will be assigned a
default sect-ID# = 0;  thus, the fill sector is a void.

Default:  FILL sect-ID# = 0, a void.   
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PICTURES of the Geometry

Introduction to PICTURES
COG provides pictures of the user's geometry. These pictures allow the user to
visually determine if the geometry is correctly set up and allow COG to check the
user's geometry for errors. It is important to note that extensive geometry error-
checking is only done during the picture-making phaseand for sweeps and volume
calculations (see “Pictures and Error Checking” section also). During the actual
particle transport, geometry error checking is turned off to save time.

Many of the PICTURES that can be prepared by COG are good enough for
documentation or for presentations. The PICTUREs created are contained in the …ps
file and can be seen or printed by using the gs ghostscript utility. With an X-
Windows program you can view these PICTUREs directly on the desktop.

To get COG to draw PICTURES of the geometry, put a PICTURE statement at the
end of the GEOMETRY Data Block, i.e., after the SECTORs, UNITs and FILLs
have been specified. On the first few COG runs of a problem, it is desirable to look at
pictures that represent COG's interpretation of your specifications. Geometry errors as
simple as typos or as complex as misunderstanding the desired specifications can be
detected and corrected before excessive amounts of computer and user time are
wasted. PICTURE statements should routinely be included with all GEOMETRY
specifications. After the geometry has been thoroughly checked, these statements can
be deactivated (by using the $ comment symbol in front of each line or by moving the
whole PICTURE block to follow the END statement). This technique allows each
PICTURE statement to be quickly re-activated if the geometry is later changed and
needs further checking.
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PICTURE — Cross-Section
The simplest PICTURE is the cross-section (CS) cut.  The user specifies a plane
passing through the geometry,  and (in the general case) the corners of a window on
this plane. All the surfaces and sectors that intersect this plane, within the window
borders, are plotted. The area associated with each SECTOR (or MATERIAL  or
REGION) is identified by a distinctive pattern or color (see ASSIGN-MC–Assign
Plotting Colors to Materials).

A cross-section PICTURE is specified by one of the following two methods:

Coordinate Plane Cross-Section PICTURE

(In a plane parallel to a coordinate plane)
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† 

CS
SECTIONAL

È 

Î 
Í 

˘ 

˚ 
˙ 

    

† 

SECTOR or SEC or S
MATERIAL or MAT or M
REGION or REG or R

È 

Î 

Í 
Í 
Í 

˘ 

˚ 

˙ 
˙ 
˙ 

LABELSEC
LABELMAT
LABELREG

È 

Î 

Í 
Í 
Í 

˘ 

˚ 

˙ 
˙ 
˙ 

Ï 

Ì 
Ô 

Ó 
Ô 

¸ 

˝ 
Ô 

˛ 
Ô 

{LABELSURF}

    {COLOR}   {NOPAT}   {RES resval}    

† 

XY zd x1 x2 y1 y2

XZ yd x1 x2 z1 z2

YZ xd y1 y2 z1 z2

È 
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Í 
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˘ 

˚ 

˙ 
˙ 
˙ 

    {TITLE = " . . ."}

where:

CS (or SECTIONAL) specifies that a cross-section picture with pattern fill is wanted
(see Patterns for Cross-Section Pictures, below);

SECTOR (or MATERIAL or REGION)  (or the shorter aliases) specifies what type
of area will be drawn in the PICTURE;

XY ( or XZ or YZ)  specifies which plane the cross-section picture lies in;

zd ( or yd  or xd ) specifies the distance of the specified plane from the origin;

x1  x2  y1  y2 ( or corresponding values for the other planes) specify the minimum and

maximum values for the abscissa and ordinate of the plot.

The Optional {. . .} cross-section picture specifications are these:

LABELSEC (or LABELMAT or LABELREG) indicates that areas are to be
labeled with their sect-ID#s (or mat-ID#s or reg-ID#s).
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LABELSURF indicates that surfaces are to be labeled with their surf-ID#s.

COLOR enables color fill of material areas. The color used for each material is that
assigned by an ASSIGN-MC statement in the MIX Data Block. Without an ASSIGN-
MC statement, a default color assignment is chosen from a palette of 20 colors. If
COLOR fill is specified there is no pattern fill.

NOPAT specifies that no pattern fill is desired (normally a default pattern is assigned
to every different area). This command causes drawing to be significantly faster but
user identification of different components will be more difficult, unless the
LABELSEC and/or LABELSURF options are used.

RES resval specifies the resolution of the picture, in terms of the number of lines
desired in the x or y direction. Default for resval is 500, which is the highest useful
resolution on most monitors. For PostScript files printed to Laserwriters, 1000 gives
good results. The smaller the value of resval , the quicker the PICTURE will be
drawn (at the cost of lower resolution).

TITLE specifies a line of text which will be written at the top of the plot.

General Cross-Section PICTURE
(In a plane with arbitrary orientation)
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{LABELSURF}

     {COLOR}   {NOPAT}   {RES resval}   xtl  ytl  ztl   xbl  ybl  zbl   xbr  ybr  zbr        

     {TITLE = " . . ."}

Here we describe just those entries which differ from those described above for the
Coordinate plane Cross-Section PICTURE.
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These are:

xtl  ytl  ztl  are the coordinates of a point in the top left corner of the picture;

xbl  ybl  zbl  are the coordinates of a point in the bottom left corner of the picture;

xbr  ybr  zbr  are the coordinates of a point in the bottom right corner of the picture.

The angle described by these three points must be a right angle.  The picture scaling
will be uniform in both directions and will be computed from these input points.

top left 
(x, y, z)

bottom left bottom right
(x, y, z) (x, y, z) 

These three data points 
describe the location of  
the top left, bottom left,
and bottom right (in 
that order) of the picture 
plane. 

Example of a cross-section PICTURE specification:

GEOMETRY
SECTOR 1 IRONBOX -1 2 3 4

. . .

. . .

. . .
PICTURE CS SECTOR COLOR X Y 10  -6 6 -6 6 $ XY PLANE @ Z=10
PICTURE CS MATERIAL X Z -50 10 20 -20  40 $ XZ PLANE @ Y= -50
PICTURE CS SECTOR -6 0 6  -6 0 -6  6 0 -6 $ Y=0 CROSS SECTION
PICTURE CS SECTOR -6 -6 0  -6 6 0  6 6 0  $ Z=0 CROSS SECTION
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Here is a sample cross-section picture of sectors. The key identifies the sectors and
their patterns.

 

Each picture requires its own statement starting with the word PICTURE.
Note: The PICTURES are not produced in the order listed. All cross-section
SECTOR pictures will be drawn before MATERIAL or REGION pictures.  The
cross-section pattern for a given sector will be the same throughout the entire set of
such pictures and will be illustrated on a printed key.
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Patterns for Cross-Section Pictures
COG assigns patterns to each plot area based on the user-assigned SECTOR (or
MATERIAL or REGION) number. The Pattern number used is the
SECTORS/REGIONS/MATERIAL number, modulo 100.

The Pattern Table

Used in the Geometry PICTURE

1 2 3 4 5 6 7 8 9 10

11 12 13 14 15 16 17 18 19 20

21 22 23 24 25 26 27 28 29 30

31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48 49 50

51 52 53 54 55 56 57 58 59 60

61 62 63 64 65 66 67 68 69 70

71 72 73 74 75 76 77 78 79 80

81 82 83 84 85 86 87 88 89 90

91 92 93 94 95 96 97 98 99 100
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PICTURE — Perspective
A perspective picture is the kind you would get if you stood back and took a
“photograph” of your geometry. The edges and boundaries between SECTORS (or
MATERIALS or REGIONS) are drawn, and the surfaces optionally colored in. The
user must specify which SECTORS (or MATERIALS or REGIONS) are visible.  The
remainder are invisible. Thus, a picture can illustrate just one part of the geometry, or
the user can look inside outer surfaces to see inner structure.

Perspective pictures are requested by:

PICTURE   
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P
PERSPECTIVE
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  {COLOR}  {NOFRAME}  {RES resmin resmax}   xc  yc  zc

    r   d  q  f    s1  s2  s3 . . .          {TITLE = " . . ."}

where:

P (or PERSPECTIVE) specifies that a perspective picture is wanted;

SECTOR (or MATERIAL or REGION)  (or the shorter aliases) specifies what
volumes will be drawn in the PICTURE;

xc  yc  zc specify the point Pc at the center of the perspective view;

r specifies the radius of a sphere centered on Pc. Everything within the sphere will be
included in the picture.

d, q, f are spherical coordinates identifying where the viewer will stand to look at the
geometry.

d is the distance of the viewer from the Pc;

q is the azimuthal angle measured in the x,y plane, from the x-axis to the
Observer's position (degrees);

f is the elevation angle measured upward from this plane toward the +z- axis
(degrees).

s1  s2  s3 . . . …  is a list of SECTORS (or MATERIAL or REGIONS) that the viewer
wishes to see.  Any sector that is not in this list is transparent.
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X

Y

Z

q

f
•

Observer's 
position
•

Center of 
View    Pc

d

Perspective View Coordinates

The optional {. . .} PERSPECTIVE PICTURE specifications are these:

COLOR enables color fill of material areas. The color used for each material is that
assigned by an ASSIGN-MC statement (else a default color assignment is chosen
from a palette of 20 colors).

NOFRAME specifies that the next picture drawn will overlap this one (i.e., no frame
advance will occur). This option is useful for making "double exposure" pictures. For
example, the first picture could show just the outside of an object (by listing only the
exterior sector numbers as visible). The next overlapping picture could show just the
object's interior structures in color. The net effect is of a view of a "solid" interior
seen through a "transparent" exterior which shows only the surface edges.

RES resmin resmax  specifies the minimum and maximum resolution to use in
making the picture. resmin is the initial (coarse) resolution. The resolution will be
successively increased as needed, up to a value of resmax in order to resolve fine
detail. Default values are resmin = 32, resmax  = 512.  Decreasing resmin and resmax
will result in the fast production of blocky pictures, perhaps with some features
missing.  Increasing resmin and resmax will produce higher-quality output at higher
computational and time costs.

 TITLE specifies a line of identification which will be written at the top of the plot.
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Example of a PERSPECTIVE PICTURE input line:

PICTURE P S COLOR RES 32 512 100 0 0 100 500 45 45  10 210 ...
Sample perspective picture seen in …ps file:
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Perspective picture-making proceeds by projecting a uniform mesh set up in the
image plane, through a computational pinhole, and into the user's geometry. The
initial number of mesh points in the image x– or y– direction is given by resmin. If
the rays projected from the four corners of a mesh cell all strike the same surface,
then the code assumes that the surface is continuous through the cell. If the rays strike
different surfaces, the code knows that an edge passes through the cell. It subdivides
the cell into four sub-cells, then re-checks each sub-cell for surface continuity. The
subdivision process continues as necessary, until the maximum specified resolution
resmax is reached.  Then points are drawn in between cells of differing surface
number, to represent geometry edges.

This adaptive resolution process generally works well to resolve fine detail at
minimum computational cost. However, it may miss some edges, particularly if the
initial resolution resmin is set too coarse. You can try the following fixes:

• Increase resmin and resmax values (limit 512). If detail is still missing, you will
have to "blow-up" the picture by decreasing r, so that a smaller region is viewed at
high resolution.

• Shift the picture just a little by moving the center or one of the viewing angles and
then letting the code try again.

Like cross-sectional pictures, if an error in the geometry input is determined,
PICTURE drawing will stop at that point and an error printout will be given.
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PICTURES and Error Checking
COG can detect many different kinds of errors while processing the geometry during
PICTURE generation. These errors are printed out in a form that should be self-
explanatory.  While drawing PICTUREs or calculating VOLUMEs, the code detects
accidental overlap of SECTORs.  If this occurs, an error message is printed which
gives all the information that the code knows about this problem, including the
boundary just crossed (if any) and the relationships to all surfaces in current use.
With this information, the user should be able to identify and fix the overlap problem.
To illustrate this error procedure, the following case was run.  Note that the definition
of sector 3 missed a reference to surface number 2.

   

BASIC GEOMETRICAL
DESCRIPTION
SECTOR 1 AAA -1 +2 +3
SECTOR 2 BBB +1 -2 +3
SECTOR 3 CCC +1 -3 $ OMIT +2
SECTOR 4 DDD -1 -2
   OR        -2 -3 +1
   OR        -1 -3 +2
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This error generated the following error message in the output file:

ERROR --point found which is in at least two sectors
given point in level 0 coordinates

x = 1.4917534e +00
y = -6.1780699e -01
direction cosines
u = 1.00000000e +01
v = 0.

w = 0.
relation to each surface at this point
equation evaluation
1 +
2 - (just crossed this surface)
3 -

numbers and names of sectors which contain this point

3 CCC
4 DDD
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VOLUME Calculations
COG can compute the VOLUME of user's sectors. In this option, you specify a box-
shaped volume within your geometry. COG performs a Monte Carlo calculation of
the volume and the mass of each MATERIAL, REGION, or SECTOR within that
box. This can be an expensive calculation, but it is also the best method for finding
errors associated with overlapping sectors. It is the only way to detect geometry errors
which result in volume or mass discrepancies from the original physical model.  You
may request any number of VOLUME calculations. Each VOLUME specification has
this form:

VOLUME 
Î
Í
Í
È

˚
˙
˙
˘SECTOR or SEC or S

MATERIAL or MAT or M
REGION or REG or R

    {RES nres} x0  y0  z0    x1  y1  z1       

                   x2  y2  z2   length-x'  length-y'   length-z'    {TITLE = " . . ."}

where:

SECTOR (or MATERIAL or REGION)  (or the shorter aliases) specifies what
volume will be determined;

x0, y0, z0 is a point in the reference corner of the box (in problem coordinates);

x1, y1, z1 is any point along one edge, or its extension, of the box.  This, along with
the reference corner, defines the +x'–axis;

x2, y2, z2  is any point along another edge, or its extension, of the box.  This, along
with the reference corner, defines the y'–axis.  The z'–axis is constructed to form a
right–handed box coordinate system;

length-x', length-y', and length-z' are the lengths of the defined box along each of the
three box axes;

RES nres specifies an optional higher precision for the volume calculation (nres a
positive integer). When nres is specified, the standard error of the calculation is
decreased by a factor of 1/ nres .

The following is an example of the result of a VOLUME calculation.

Example of VOLUME option:

VOLUME  S     -3. -3. -3.  3. -3. -3.  -3. 3. -3.  6. 6. 6.
TITLE "RES DEFAULT"
VOLUME  S  RES  2 - 3. -3. -3.  3. -3. -3.  -3. 3. -3.
                 6. 6. 6.
TITLE "RES 2"
VOLUME  S  RES  4  -3. -3. -3.  3. -3. -3.  -3. 3. -3.
                 6. 6. 6.
TITLE "RES 4"

Example of a VOLUME output.
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 VOLUME CALCULATION
  VOLUME TEST

  POINT ON CORNER (ORIGIN) (6.00000E+00,-6.00000E+00,6.00000E+00)
        POINT ON X'-AXIS         (7.00000E+01,-6.00000E+01,-6.00000E+00)
        POINT ON Y'-AXIS         (6.00000E+01,-5.00000E+01,-6.00000E+01)

     Z'-AXIS FORMS A RIGHT-HANDED SYSTEM WITH ABOVE
     LENGTH OF X' SIDE = 6.00000E+00
     LENGTH OF Y' SIDE = 1.20000E+01
     LENGTH OF Z' SIDE = 1.20000E+01

SECTOR NUMBER      VOLUME      FSD          MASS (KG)    FSD
       1    2.543E+02   0.007         2.543E+02    0.007

 of a VOLUME output.Example
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The SWEEP Statement
The SWEEP statement sweeps a line through the user's geometry between two
specified points. All sectors and their boundary surfaces which intersect the SWEEP
line will be listed in the output file, along with the distance of each intercept from the
"start" point. This statement is very helpful in analyzing the exact COG placement of
surfaces in a complex region of the geometry.

 The format is:

SWEEP x0  y0  z0    x1  y1  z1

where:

x0  y0  z0  represents the starting point of the sweep;

 x1  y1  z1  represents the ending point of sweep.

Example of a SWEEP statement:

 SWEEP 5. -10. 3.9813    15. -10. 3.9813

Example of the output of the above statement:

SWEEP  5.        -10.      3.9813    15.       -10.      3.9813

X Y Z DIST
CROSS
SURF

LEAVE
SECTOR NAME MAT LEV

5.0000E+00 -1.0000E+01 3.9813E+00
6.2221E+00 -1.0000E+01 3.9813E+00 1.2221E+00 40 0 FILL 0 0
7.1783E+00 -1.0000E+01 3.9813E+00 2.1783E+00 30 104 SPH4 1 0
8.2789E+00 -1.0000E+01 3.9813E+00 3.2789E+00 20 103 SPH3 6 0
9.4000E+00 -1.0000E+01 3.9813E+00 4.4000E+00 91 0 FILL 0 1
9.6434E+00 -1.0000E+01 3.9813E+00 4.6434E+00 92 911 SPHU1 2 1
9.8009E+00 -1.0000E+01 3.9813E+00 4.8009E+00 93 0 FILL 0 2
1.0199E+01 -1.0000E+01 3.9813E+00 5.1991E+00 93 201 SPH5 3 2
1.0356E+01 -1.0000E+01 3.9813E+00 5.3565E+00 92 0 FILL 0 2
1.0600E+01 -1.0000E+01 3.9813E+00 5.6000E+00 91 911 SPHU1 2 1
1.1721E+01 -1.0000E+01 3.9813E+00 6.7210E+00 20 0 FILL 0 1
1.2000E+01 -1.0000E+01 3.9813E+00 7.0000E+00 52 103 SPH3 6 0
1.2037E+01 -1.0000E+01 3.9813E+00 7.0374E+00 60 0 FILL 0 0
1.2822E+01 -1.0000E+01 3.9813E+00 7.8217E+00 30 109 CONE1 5 0
1.3778E+01 -1.0000E+01 3.9813E+00 8.7779E+00 40 109 CONE1 5 0
1.4000E+01 -1.0000E+01 3.9813E+00 9.0000E+00 60 109 CONE1 5 0
1.5000E+01 -1.0000E+01 3.9813E+00 1.0000E+01 0 0 FILL 0 0

Where

X ,Y, Z  are the coordinates of the point, in problem coordinates;

DIST  is the distance of the point from the starting point;

SURF is the surf-ID# of each surface intercept with the SWEEP line;



GEOMETRY Data Block
The SWEEP Statement 9/1/02

– 126 –

SECTOR is the sect-ID# of the sector just exited;

NAME is the sector name;

MAT is the mat-ID# of the material filling the sector;

LEVEL is the UNIT level of the intercept; level-0 is the topmost level of the COG
problem; level-1 is inside a UNIT used at level-0; level-2 is inside a UNIT nested
inside a level-l UNIT, etc.



MIX Data Block
Specifying Problem Materials 9/1/02

– 127 –

The MIX Data Block

Specifying Problem Materials
SECTORs are the geometrical volumes in the user's problem. To complete the
simulation of real parts, these SECTORs must be filled with materials. The problem's
materials are specified in the MIX Data Block, which we now discuss. Once problem
materials have been specified, we then assign them to SECTORs with ASSIGN
statements (see The ASSIGN Data Blocks).

COG materials are the physical materials (such as lead or water or steel) in the
problem. Each physical material is composed of one or more elements, isotopes, or
mixtures, each with an associated density.  COG extracts the reaction cross-sections
for each material from a disk-file library. These cross-sections are the fundamental
physics data used to determine the outcome of particle random walks.

Format of a MIX Data Block, showing the alternative means of specifying
component amounts by density, atomic fraction, weight percent/fraction, and bunches
(atoms/barn-cm). Weight percent and atom fraction are relative values
(unnormalized).

MIX

MAT = mat-ID#1

component-1     density-1  

{component-2    density -2 }

.  .  .

MAT = mat-ID#2

ATOM-FRACTION  material-density

component-1    atom-fraction-1  

{component-2   atom-fraction-2 }

 .  .  .

MAT = mat-ID#3

WEIGHT-PERCENT  material-density

component-1    weight-percent-1  

{component-2   weight-percent-2 }

 .  .  .

MAT = mat-ID#4

BUNCHES
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component-1    bunches-1  

{component-2   bunches-2 }

 .  .  .

{NLIB = libname}

For each material, the user specifies the composition in terms of density, atom
fraction, weight percent or bunches. For example, the following are all equivalent...

1) Density of components (gm/cc)

 MAT 1  h  0.11527  o16  0.91473

 Material 1 consists of 0.11527 gm of h1 per cc of material, and 0.91473 gm  of
o16 per cc of material.

2) Atom fraction (can use # or A-F instead of ATOM-FRACTION)

 MAT 2 ATOM-FRACTION  1.03  h1  2.   o16  1.

 Material 2 has a total density of 1.03 gm/cc and consists of H1 and O16 in the
ratio of 2. atoms of H1 to 1. atom of O16.

3) Weight percent (can use W-P instead of WEIGHT-PERCENT)

 MAT 3 WEIGHT-PERCENT 1.03  h1  11.1915   o16  88.8085

 Material 3 has a total density of 1.03 gm/cc and is 11.1915% by weight h1 and
88.8085% by weight o16 (code will normalize weight percents to 100).

4) Bunches or atoms/barn-cm (can use BUN instead of BUNCHES)

MAT 4 BUNCHES  h1  0.06888   o16  0.03444

Material 4 consists of 0.06888 atoms/barn-cm of h1 and 0.03444 atoms/barn-cm
of o16 (these are the units used internally by COG)

MIX identifies the following lines as the MIX Data Block;

MAT designates the start of a MAT definition. Each MAT definition describes one
problem material. Note that more than one MAT definition can describe the same
material, if desired. More materials may be specified than used in the problem.

mat-ID# is the user-assigned integer identifying the material definition which
follows.  mat-ID#s can occur in the MIX Data Block in any desired order.

component-1  is the cross-section library ASCII name for the first compound,
elements and/or isotope in the material definition.  See COGLEX Listing for a list of
the available component names. Many synonyms are available for common
components. Isotopes can alternatively be specified by their ZAID number, which is
an integer formed as:

ZAID = 1000*Z + A;
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where Z is the isotope’s atomic number and A is its mass number. For example,
82208 is the ZAID  for Pb208.

density-1 is the density of component-1, as used in this material, in units of gm/cc.
Note that density values are always in units of gm/cc, regardless of units
specified by the user in the BASIC Block.

Other component and density  specifications follow, as needed, to complete the
definition of the material.

ATOM-FRACTION (or # or A-F) designates that the following material definition
is in terms of atom fractions.

material-density is the material density in gm/cc.

atom-fraction-1 is the relative atom fraction of component-1, as used in this material.

Other component and atom-fraction specifications follow, as needed, to complete the
definition of the material.

WEIGHT-PERCENT (or W-P) designates that the following material definition is
in terms of weight percents.

weight-percent-1 is the relative weight percent of component-1, as used in this
material.

Other component and weight-percent specifications follow, as needed, to complete
the definition of the material.

BUNCHES (or BUN) designates that the following material definition is in terms of
bunches or atoms/barn-cm.

bunches-1 is the bunches of component-1, as used in this material.

Other component and bunches specifications follow, as needed, to complete the
definition of the material.

NLIB libname tells COG to use a specified neutron cross-section library. Note:
There is NO default neutron library; the desired neutron library must be
specified for a neutron transport problem.  To find file libname, COG will look
first in the user's local directory (which contains the user's input file), then in the
standard COG library directory.
To use ENDL90:

NLIB = ENDL90

To use ENDFB6R7:

NLIB = ENDFB6R7

Note: If an ENDFB library is specified, the user cannot specify the Energy-
Deposition response function for any of the DETECTORS, because the
necessary energy deposition data are not present in the ENDF library.
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See the section on Cross-Section Libraries for more information on mixtures and
cross-section models.

Example:  Assume that material number 7 in your COG problem is silicon dioxide
(SiO2) with a density of 2.64 gm/cc.  Its elemental composition is silicon (At. Wt. =
28.09) and oxygen (At. Wt. = 16.00). The silicon density would be:

(2.64)[(28.09) / (28.09 + 32.00)] = 1.23

and that of oxygen would be:

(2.64)[(32.00) / (28.09 + 32.00)] = 1.41

The SiO2 material definition would be:

MAT=7  SI  1.23    O  1.41

Using the atomic number fraction specification instead, the SiO2 material definition

would be:

MAT=7  # 2.64 SI  1.0  O  2.0

Example of a MIX Data Block:  The materials include elements (Cu, Al), compounds
(water) and mixtures (air, stainless steel)

MIX

MAT=1 CU 8.96 $ COPPER @ 8.96 G/CM3

MAT=12 SS304 7.78 $ STAINLESS STEEL 304 AT 7.78 G/CM3

MAT=3 H 0.1101276 O 0.8810218 BORON 0.0000138 $ BORATED WATER

MAT=4 WATER 1E-5 $ STEAM AT 1E-5 G/CM3

MAT=50 AL 2.7 $ ALUMINUM

MAT=6 AIR 0.00129         $ MIXTURE OF N, O, Ar @.00129 G/CM3

MAT=7 BORON 0.0402112 AL 2.6633123 FE 0.0042681 SI 0.0016007
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Special Material Numbers 0 and -1 (VOID and Infinite
Absorber

Two mat-ID#s are reserved for special pre-defined materials. mat-ID# = 0 is a void (a
perfect vacuum); all sectors assigned a mat-ID# of 0 will contain void. Particles can
never scatter in void. mat-ID# = -1 denotes a (fictitious) perfect absorber. Particles
entering a sector assigned a mat-ID#  of -1 are immediately absorbed.

Zero Cross Sections for Missing Neutron Data

If a specified material cannot be found in the neutron library, COG ordinarily quits
with an error message. To enable such a problem to run in the absence of neutron
data, place the word

  USEZEROXS

as the first word in the MIX Data Block. This will cause COG to use zero as the cross
section for any material not found in the neutron library.
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Cross Section Libraries
COG uses a set of cross-section data files which provides the physics information
needed to simulate particle collisions with materials.

There are several COG neutron cross-section libraries available.  Documentation for
these libraries is given in the COG Introduction section references.

ENDFB6R7 is the ENDF/B-VI Release 7 database. The LLNL Evaluated Nuclear
Data Library, ENDL-90, as documented by the UCRL-50400 series of publications, is
available as ENDL90.

Alternatively, a hybrid based on a combination of the ENDFB library cross sections
(which are good at lower energies) and ENDL kinematics (which are good at higher
energies) is available as RED2002. These latter libraries (ENDL90 and RED2002)
are also used by the TART transport code.  Note: There is NO default neutron
library; the desired neutron library must be specified in the MIX Data Block by

    NLIB = database_filename

The default gamma cross sections are the LLNL Evaluated Photon Data Library,
EPDL97, as documented in volume 6 of UCRL- 50400, EPDL89.   Note that the
gamma cross-section data do not include photonuclear reactions.

Photonuclear reaction data are available in the COG auxiliary library COGPNUC,
generated from the IAEA Photonuclear Data Library

Because most of the COG physics resides in these cross-sections, the user should
understand the limitations and assumptions in these libraries. Each material cross
section may have a different uncertainty and should be evaluated separately.     

Results obtained from transport calculations using these data will only be as good as
the cross-sections allow.  The knowledgeable user will have acquired a feeling for the
cross-section information and its accuracy and the consequent accuracy of his
calculated results.  To assist the user in this process, COG can plot the total cross
section of each material (see The I/O Data Block).  Other routines external to COG
are available which will list all or part of any cross-section library.

Neutron data in the COG cross-section files are for materials at room temperature
(i.e., the cross sections have been Doppler broadened).  It is possible to generate files
that contain different evaluations of cross sections or cross sections at other than
room temperature. Normally,  the gamma cross section library has a much smaller
uncertainty in it and is not changed from the default.

You can use a library different from the COG default library, provided it is in the
correct format. At the beginning of the MIX Data Block, you can insert one or more
statements of the following form:

lib-type  = file-name

where:

 lib-type is a cross-section library file type from the list below;



Cross Section Libraries  9/1/02

– 133 –

file-name is the name of the file you wish to use, instead of the default file-name
listed.  Your selected cross section library file must reside on disk at the time the
problem is run.

Data type lib-type Default /(Optional)

file-name

dictionary LEX COGLEX

neutron NLIB ENDFB6R7

(ENDL90, RED2002)

thermal neutron SABLIB COGSAB (SAB3.0.296,

SAB6.0.296, SAB6.2.296)

photon PLIB EPDL97

(EPDL89)

photonuclear PNLIB COGPNUC

neutron activation XLIB ACTL92

Example:

MIX
  $USE ENDL90 NEUTRON LIBRARY
  NLIB= ENDL90
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Secondary Neutron Libraries (NLIB2 and NLIB3)
 COG has the capability of reading from a second and/or third neutron data file. To
use this option insert statement(s) of the following form:
  NLIB2  = filename2   isotope2.1  isotope2.2 ...
  NLIB3 = filename3  isotope3.1  isotope3.2 ...
where:
  filename2, filename3  are names of COG neutron libraries

 (e.g., ENDL90);
isotope2.1  isotope2.2 ... are the names (or ZAIDs) of the desired isotopes to be read
from the specified library.

Examples of NLIB2 option:

MIX
  NLIB ENDFB6R7
  NLIB2 RED2002 SN
  MAT 1  H 0.112  O 8.888
  MAT 2  AL 2.7
  MAT 3  SN 5.75

The above MIX block will read all isotopes from ENDFB6R7 except Sn, which will
be read from library RED2002.

Examples of NLIB2/NLIB3 option:

MIX
  NLIB ENDFB6R7
  NLIB2 RED2002 SN
  NLIB3 ENDL90 AL27
  MAT 1 U235 10.
  MAT 2 AL 1. SN 1.

The above MIX block will read U235 from ENDFB6R7, Sn from RED2002, and
Al27 from ENDL90.
Note that the isotope entries allowed in NLIB2 and NLIB3 are more restrictive than
in the MAT definitions. That is, if we had entered just Al (as in the MAT
definition) rather than Al27 on the NLIB3 line, the dictionary would have translated
Al to 13000 and the code would return an error message because 13000 is not
available in ENDL90 (Al is available in ENDL90 as 13027).
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S(a,b) Cross Sections
The default COG model for thermal neutron elastic scattering is the free gas model.
For a neutron reaction, COG samples the neutron relative speed distribution. For
some compounds, COG can alternatively compute elastic scattering using the S(a,b)
model derived from the ENDF/B data set (Reference 5, Introduction Section). This
model attempts to account for molecular binding effects in elastic scattering off the
target element. The S(a,b) model is invoked by using special material names in the
MIX Data Block. Some thermal neutron problems, such as  computing keff for
highly-moderated critical assemblies, require the S(a,b) thermal scattering treatment
to yield a correct answer.

There are now three different S(a,b) libraries, plus one hybrid library representing the
“best” choices from the other three libraries. Each one may be used with any of the
supported neutron libraries. The S(a,b) libraries are:

• “Best” S(a,b) (file COGSAB) - This is the default S(a,b) file which contains the
“best” data sets selected from the following three libraries:

• ENDFB3 (file SAB3.0.296) - This is the original 1968 General Atomics data set,
and is the only set used by earlier versions of COG.

• ENDFB6 Release 0 (file SAB6.0.296) - This is the ENDFB3 data in ENDFB6
format.

• ENDFB6 Release 2 (file SAB6.2.296) - This was generated by Los Alamos
National Laboratory in 1993.

Each data set in each library was computed for a temperature of 296°K. In each file,
the data takes the form of cross sections followed by associated properties. The cross
sections are the inelastic (from the double integral of the S(a,b) data), and, if
applicable, either the coherent elastic (from the Debye-Waller coefficient) or the
incoherent elastic (from the Bragg edge-strength terms). The latter two cross sections
have no properties associated with them, as we assume zero energy loss and isotropic
scattering to  characterize the scattered neutron. The property associated with the
inelastic cross section is the raw S(a,b) data along with integrals of same over b
(which represent energy distributions for the scattered neutron).

The ‘bound’ cross section(s) described above replace the ‘unbound’ elastic cross
section below some energy limit, Emax, currently set to 25 eV. The remaining cross
sections for the material are obtained from the specified neutron library.
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Specifying a S(a,b) File
By default, data for all S(a,b) components in a user’s job are obtained from the
library, COGSAB. To specify one of the other three S(a,b) libraries, use this line
inside the MIX Data Block:

  SABLIB =  libname ;

 where libname is one of: SAB3.0.296,  SAB6.0.296,  SAB6.2.296.

Using S(a,b) data in a COG run
To use the S(a,b) data, the user must specify one of the special S(a,b) names in a
COG Material definition.

For instance, this Material definition in the MIX Data Block

MAT 1  water 1.

 causes COG to use the (default) free gas model for this material (water); while
MAT 2  (h.h2o) 0.111     O16  0.889

invokes the S(a,b) model for thermal neutron scattering off H in this material (also
water).

 One could also use the S(a,b) model for H in water, but apply it to another H-
containing compound. For example, one could specify:

MAT 3  (h.h2o) 0.027    cl 0.973

This causes COG to use the S(a,b) model for H in water, for thermal neutron
scattering on H in HCl.

The material components shown below in Table 1, if listed exactly as shown, will
invoke S(a,b) data.

Table 1

Material Names that Invoke S(a,b) Thermal Neutron Cross Sections

Component Name Treat as if it were:

(C6H6) H and C bound in C6H6

(H.CH2) H bound in CH2

(H.H2O) H bound in H2O

(H.ZrH) H bound in ZrH

(D.D2O) D bound in D2O

(Be) Be metal

(BeO) Be and O bound in BeO

(C) C as graphite

(O.UO2) O bound in UO2

(Zr.ZrH) Zr bound in ZrH
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Compounds and Mixtures
COGLEX Listing lists the available COG cross-section data for isotopes, elements,
compounds, and mixtures. Often there is more than one way to specify a compound
or mixture.  Recalling our silicon dioxide example in the MIX Data Block, we could
specify SiO2  as:

MAT=7  SI  1.23    O  1.41

or as:

MAT=7   SIO2  2.64

because SIO2 is a recognized name from the  list. We can also find these alternative
names for silicon:

SI
14000
SILICON

And, for oxygen:
o
o16
8000
8016
OXYGEN

The 8016 or o16 signifies that natural oxygen is entirely composed of the isotope with
a weight of sixteen.  From the separate photon and neutron library listings, you can
also see that both neutron and photon data are available for these two elements.

For some elements, COG has isotopic cross-sections available to construct "natural"
compositions. For instance, specifying:

MAT=10  nitrogen  .2

will result in the use of 'natural' nitrogen, a mixture of N14  and N15.  But you could
instead ask for:

 MAT=10  n14  .2

or

 MAT=10  n15  .2

if isotope-specific cross sections were what you wanted. Note that isotope cross
sections do not apply to gamma cross sections.

The COG dictionary of materials was revised to use updated values of "natural"
isotopic abundances for the elements. The relative abundances were taken from the
"Handbook of Chemistry and Physics, 46th Edition".

Typos in the Handbook were corrected and the abundances renormalized where
necessary. Small abundances (less than 0.1%) were ignored. User neutron transport
jobs which specify materials composed of "natural" elements will now generally
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invoke a different set of isotopes than in previous versions of COG. For example, in
earlier versions C was interpreted to mean C12. Now C will invoke a mixture of the
isotopes C12 and C13 in the ratio .9889/.0111 . If you wish to rerun old COG neutron
jobs containing C, and you wish to get the same results as before, then you will have
to change C => C12. Similar changes will be needed for most other elements as well.
All standard COG mixtures such as air and stainless steel ss304 now use the revised
natural compositions.

But note: not all isotopes invoked for a "natural" element can necessarily be found in
a given neutron library (e.g., the default ENDL90 library). COG follows these rules to
generate the "natural" element cross sections:

• If the library has a cross-section already formulated for the "natural" element, then it
is used;

• Otherwise, the mix of isotopes for that element from the COG dictionary is used, if
these cross sections are available in the library;

The user should check the MIXTURE COMPOSITIONS section of the COG output
file to determine which isotopes were used in each job material.

In addition to the elements, COG has cross-sections for compounds such as water,
silicon dioxide and benzene, and for common mixtures such as air, steel, fiberglass,
and concrete.

The user must be careful that these COG mixtures accurately represent the materials
of the physical problem being modeled. The compositions given in COGLEX
Listing may not be correct for all problems.  For example, concrete is different in
different geographical regions, because the composition of the sand and gravel used
to make it varies from region to region.  It even varies within one region, because
slight variations occur in the relative amounts of sand, gravel, lime, and water used.
It even varies within the same batch, since the temperature during hardening varies
due to heat transfer (thus varying the amount of retained water).  Therefore, no one
concrete composition correctly represents the composition of all concretes.  Those
compositions given in the library are representative concretes and should be used with
care.  The same statement is true for other compositions built into the dictionary. In
the same way, trace amounts of elements are not included in the standard definitions.
For most cases, this does not affect the calculated results.  In other cases, the code
results may arise solely from reactions occurring in the trace elements, and large
errors could result by using the standard definition in the library.  The classic
example of this is the thermal neutron activation of structural aluminum.  The
aluminum itself does not activate, so all the activation comes from the less-than-1%
impurities.  Again, the user must exercise a certain amount of expertise and not just
blindly use the built-in mixture definitions.Note: The densities given in COGLEX
Listing are not used by COG and may not be correct in all cases.  They exist in the
COG dictionary, because this same dictionary is used with other codes that do require
these data.

A typical MIX Data Block for a problem with mixtures might look like:
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MIX  $ EXAMPLE #1
MAT=1  WATER  1.0
MAT=2  U238O2  18.5
MAT=5  N  0.00125
MIX $ EXAMPLE #2
NLIB = ENDL90
MAT 1 PU238 3.31E-6 PU239 0.011653 PU240 0.00069283
PU241 4.3E-5 PU242 8.8256E-6 U235 1.9747E-4 U236 5.516E-6
U238 0.02970277
H 0.106093 O 0.927068 N 0.025298376
MAT 2 SS304 7.78
MAT 3 (H.H2O) 0.112  O 0.888
MIX $ EXAMPLE #3
MAT 1 FE 7.87
MAT 2 CONCRETE 2.25
MAT 3 AIR 1.29E-3
MAT 4 H 0.066

B 0.143
C 0.158
O 0.633

ASSIGN-ML   1        1 2 3 4 5 6 7 8 9 10 11 /
2 21 /
3 99 /
4 25
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The I/O Data Block
The I/O (Input/Output) Data Block allows the user to request the output of additional
problem information, beyond what is normally provided by COG.

The I/O Data Block has the form

I/O  (PLOTXS)  (PLOTMXS)  (PRINTXS)  (PRINTMXS)

  (PRINTPDEDX) (PRINTPMDEDX)

Where the Option keywords following I/O are:

PLOTXS — To plot isotope/element Cross Sections of the materials specified in the
MIX Data Block;

PLOTMXS — To plot the total material Cross Sections of the materials specified in
the MIX Data Block;

PRINTXS — To write all isotope/element Cross Sections of the materials specified
in the MIX Data Block as ASCII text files;

PRINTMXS — To write total material (compound) Cross Sections of the materials
specified in the MIX Data Block, as ASCII text files.

If this is a proton transport problem, then use:

PRINTPDEDX — To write dE/dX information for protons, for each element in the
problem;

PRINTPMDEDX — To write dE/dX information for protons, for each material in
the problem.

Example of an I/O Data Block and the results:

MIX
  MAT 1  CU 6.5 ZN 2.1
  MAT 2  AL 2.70
I/O PRINTXS PRINTMXS

results in the following total cross section files being created in the directory
where the COG input file resides.

Files of neutron and photon total cross sections for elements Al, Cu, Zn:

 NXS.13027  NXS.29000 NXS.30000

GXS.13000  GXS.29000 GXS.30000

Files of neutron and photon total cross sections for Materials 1 and 2:

NXSMat.0001 NXSMat.0002

GXSMat.0001 GXSMat.0002



The I/O Data Block 9/1/02

–141–

The naming convention used is NXS.zzaaa for a file containing total neutron
element/isotope cross sections.  The first two digits of the name, zz,  represent the
atomic number Z of the element and the last three digits, aaa, the isotope number.
Files containing total gamma element cross sections are represented by GXS.zz000
(no isotope cross sections). Files containing total cross sections for each mixture are
labeled NXSMat.nnnn or GXSMat.nnnn, where nnnn is the mixture number.

Each file consists of a few header lines, followed by two columns of data. The first
column is the incident particle energy in MeV. The seconds column is total cross
section in barns (for the element/isotope files), or inverse centimeters (for the mixture
files). The columns are separated by a tab character to make them easier to import
into a plotting program or spread sheet.  Each gamma isotope listing is approximately
500-1000 lines long and ranges in energy from 1.0X10-5 to 1.0 X10+5 MeV. The
neutron cross section listing ranges in energy from 1.0X10-11 to 20, 30 or150 MeV.
The length of this listing varies considerably with isotope.  Well-researched materials
may have listings with more than 18,000 data points.

Example of cross section data text files. The first file is the total gamma cross section
file for zinc, GXS.30000. The second file is the total neutron cross section file for
mixture 1, NXSMat.0001.

       (FILE GXS.30000)
TOTAL GAMMA CROSS SECTION FOR ELEMENT 30000

 ENERGY (MEV)        BARNS
 1.000000E-05    1.152182E+06
 1.075580E-05    9.351646E+05
 1.121240E-05    7.971454E+05
 1.162780E-05    6.635631E+05
 1.200390E-05    5.406849E+05
 1.234290E-05    4.337398E+05
 1.245370E-05    3.974940E+05
. . .
. . .
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       (FILE NXSMAT.0001)
TOTAL MACROSCOPIC NEUTRON CROSS SECTION FOR MATERIAL 1
  FROM COG PROBLEM PRINTCSTEST

 ENERGY (MEV)     INVERSE CM
 9.999900E-11     .000000E+00
 1.000000E-10    6.542603E+00
 1.000020E-10    6.210052E+00
 1.000040E-10    5.946624E+00
 1.000060E-10    5.738155E+00
 1.000080E-10    5.573505E+00
 1.005450E-10    5.474635E+00
 1.135960E-10    5.153988E+00
 1.259610E-10    4.892130E+00
 1.423110E-10    4.620738E+00
. . .
. . .

Example:  If in the above example we used the I/O statement:

I/O PLOTXS PLOTMXS

COG would generate plots of the total cross sections, which would be found in the
…ps graphics file. But the default scaling may not be what the user would desire. For
complete control of plotting, the user is advised to use the PRINTXS and
PRINTMXS commands to generate the ASCII cross-section listings described above,
which can be readily imported into many plotting programs.
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The ASSIGN Data Blocks

Assigning Attributes to Sectors
An ASSIGN Data Block allows the user to give sectors physical attributes such as
material composition, density, region, and some non-physical attributes such as
plotting color. If you do not use ASSIGN statements, COG will make some default
assignments for you. These are the following:

reg-ID# = sect-ID#; (region ID # = sector ID #)

 mat-ID#  = sect-ID# ;(material ID # = sector ID #)

df =1. (relative density factor = 1.)

ASSIGN Data Blocks come in several "flavors" to simplify the assignment process.

ASSIGNing Physical Properties to Sectors
We first discuss all the types of ASSIGN statements which you can use to assign
material properties to sectors. Materials are given mat-ID#(s) in the MIX Data Block.
Sectors are given sect-ID#s in the GEOMETRY Data Block.. The statements which
link mat-ID#s and/or density factors to sect-ID#s are:

ASSIGN-M;

ASSIGN-MD;

ASSIGN-D;

ASSIGN-ML;

ASSIGN (General ASSIGN)

ASSIGN-M — Assign Material to a Sector
 The ASSIGN-M Data Block associates a specified sector(s) (with sector number
sect-ID#) with a material number mat-ID#.  sect-ID# and the desired mat-ID# are
given in pairs.

ASSIGN-M   sect-ID#1   mat-ID#1      { sect-ID#2   mat-ID#2  }

  .  .  .

Where:

sect-ID#1  is the sect-ID# of a sector;

mat-ID#1 is the mat-ID# to be assigned to this sector;

This results in sector sect-ID#1  containing material mat-ID#1, etc.
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Example

ASSIGN-M
1 2   3 7  $ ASSIGNS TO SECTOR 1,MATERIAL 2,  AND TO
           $  SECTOR 3, MATERIAL 7

Default: If ASSIGN statement(s) are not used: mat-ID#  = reg-ID# = sect-ID#, and
density factor df = 1. :

ASSIGN-MD—Assign Material and Density to a Sector
Some problems use the same material in a several sectors with differing densities.  An
example might be a reactor in which water is boiled and converted to steam. The
density  of water would then be different in various parts of the reactor, according to
the amount of steam present.

To obtain a density in a SECTOR which is different from the density specified in the
MIX Data Block for the material filling the sector, specify a density factor df for the
sector. The density factor is a multiplier which is applied to the density of the material
as defined in its MIX statement. The result is the density for the specified sector. For
example, a density factor of two results in twice the density of the material as
specified in its MIX statement, for the sector. COG initially sets all density factors to
1, but the user can reset it with one of the ASSIGN statements given below.  The
ASSIGN-MD Data Block specifies both material number and density factor for a
sector(s).

ASSIGN-MD  sect-ID#1   mat-ID#1   df1   

{ sect-ID#2   mat-ID#2  df2  }

  .  .  .

Where:

sect-ID#1 is the sect-ID# of a sector;

mat-ID#1  is the mat-ID#  to be assigned to this sector;

df1  is the density factor to be applied to the material filling this sector.

This ASSIGN-MD statement results in sector sect-ID#1  containing material mat-
ID#1, at a relative density of df1, etc.

 Example:

ASSIGN-MD 1  2  1.5 $ ASSIGNS TO SECTOR 1,MATERIAL 2
 $  WITH DENSITY FACTOR 1.5

Default: If ASSIGN statement(s) are not used: mat-ID# = sect-ID#, and density
factor df = 1.
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ASSIGN-D — Assign Density to a Sector
 The ASSIGN-D Data Block assigns density factors to sectors.

ASSIGN-D  sect-ID#1   df1    {sect-ID#2   df2 }

    .  .  .

Where:

sect-ID#1 is the sect-ID#  of a sector;

df1  is the density factor to be assigned to this sector. The density factor is a
multiplier which is applied to the density of the material assigned to this sector, to
produce the density for this sector. For example, a density factor of two results in
twice the density of the material as specified in its MIX statement, for this sector.

This ASSIGN-D statement results in sector sect-ID#1 containing its assigned material
at a density of df1, relative to the density of its material as specified in the MIX
statement.

 Example:

ASSIGN-D
1  1.5    3  1.7 $ ASSIGNS SECTOR 1 A DF OF 1.5

$     AND SECTOR 3 A DF OF 1.7
Default: If ASSIGN statement(s) are not used, density factor df = 1.

ASSIGN-ML — Assign Materials to a List of Sectors
ASSIGN-ML provides a list of sectors to be assigned a specified material.

ASSIGN-ML       mat-ID#1  sect-ID#11  sect-ID#12   sect-ID#13 .  .  .

{ /  mat-ID#2  sect-ID#21  sect-ID#22   sect-ID#23  .  .  .  }

  .  .  .   

Where:

mat-ID#1  is the mat-ID# to be assigned to the following sector list;

sect-ID#11  sect-ID#12   sect-ID#13 .  .  .  is a list of sect-ID# s; : #.

This causes the listed sectors to contain material mat-ID#1.

Other mat-ID#s and sect-ID# lists may follow, separated by a  "/" .

Example

ASSIGN-ML
  1 2 4 5 7 $ ASSIGNS MATERIAL 1 TO SECTORS 2 4 5 7
  / 2  10 11 12  $ ASSIGNS MATERIAL 2 TO SECTORS 10 11 12

Default: If ASSIGN statement(s) are not used: reg-ID# = sect-ID
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 ASSIGNing REGIONS and COLORS to Sectors
Other forms of the ASSIGN statement are used to assign other properties to user's
sectors. The following ASSIGN statements are described here:

• ASSIGN-R, ASSIGN-RL: To associate REGIONs with sectors;

• ASSIGN: To associate MATERIALs and REGIONs and density factors with
sectors;

• ASSIGN-MC: To associate plotting colors with sectors;

A REGION is a set of sectors, specified by the user, which is to be treated as a single
volume, for purposes of controlling the random-walk or analyzing results. A user may
wish to define one or more REGIONS in order to: • Use the same random-walk
modification parameters throughout the REGION;

• Tabulate the events that occur in the REGION as if it were a single sector;

• Define a multi-sector detector volume for scoring results.

Each REGION is identified by a user-assigned reg-ID#, a positive integer. It may be
helpful to use a REGION numbering scheme which differs from the SECTOR
numbering (sect-ID#s), in order to avoid confusing these two entities. .

Note that a REGION specification does not change the geometry or the material
assignments in any way. It is purely a sector classification convention for
convenience. REGION numbers are frequently required in the WALK, ANALYSIS,
and DETECTOR Data Blocks.

Default: Each sector is "born" with a reg-ID# = sect-ID#. This may be changed with
an ASSIGN statement

ASSIGN-R  — Assign Region Number to a Sector
The ASSIGN-R Data Block associates a specified sector with a region:

 ASSIGN-R  sect-ID#1  reg-ID#1   { sect-ID#2  reg-ID#2  }

.  .  .

Where:

sect-ID#1  is the sect-ID#  of a sector;

reg-ID#1  is the region-ID# to be assigned to this sector;

 Example:

ASSIGN-R
1 2    3 7 $ ASSIGNS SECTOR 1 TO REGION 2 AND
 $   SECTOR 3 TO REGION 7

Default: If ASSIGN statement(s) are not used: reg-ID# = sect-ID#.
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ASSIGN-RL  — Assign Region Number to a List of Sectors
ASSIGN-RL provides a list of sectors to be assigned a specified statistical REGION
number.

ASSIGN-RL   reg-ID#1  sect-ID#11  sect-ID#12   sect-ID#13 .  .  .

{ / reg-ID#2  sect-ID#21  sect-ID#22   sect-ID#23  .  .  .  }

  .  .  .   

Where:

 reg-ID#1   is the region-ID# to be assigned to this sector list;

sect-ID#11  sect-ID#12   sect-ID#13 .  .  .  is a list of sect-ID#s;

This results in the listed SECTORS being assigned to a specified REGION.

Other reg-ID#s and sect-ID# lists may follow, separated by a  "/" .

 Example:
 ASSIGN-RL
   20 2 4 5 7 $ ASSIGNS REGION 20 TO SECTORS 2 4 5 7
 / 22 5 8        $ AND ASSIGNS REGION 22 TO SECTORS 5 8

Default: If ASSIGN statement(s) are not  used: reg-ID# = sect-ID#.

ASSIGN (General)— Assign Material Number, Region
Number, and Density Factor to a Sector

The general ASSIGN Data Block associates a specified sector with a material number
mat-ID#, a region number reg-ID#, and a density factor df.

ASSIGN   sect-ID#1   mat-ID#1   reg-ID#1   df1

       { sect-ID#2   mat-ID#2   reg-ID#2   df2  }

      .  .  .

Where:

sect-ID#1 is the sect-ID#  of a sector;

mat-ID#1 is the mat-ID# to be assigned to this sector;

reg-ID#1  is the reg-ID# to be assigned to this sector;

df1  is the density factor to be assigned to this sector. The density factor is a
multiplier which is applied to the density of the defined material, to produce the
density for this sector. For example, a density factor of two results in twice the
density of the material as specified in its MIX statement, for this sector.

This ASSIGN statement results in sector sect-ID#1  containing material mat-ID#1  at
a relative density of df1. The sector is also assigned a region number of reg-ID#1. .
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Example:

ASSIGN
 1  2 30 1.5 $ ASSIGNS TO SECTOR 1, MATERIAL 2, AND

$  REGION 30, WITH DENSITY FACTOR OF 1.5

Default: If ASSIGN statement(s) are not used: mat-ID#  = reg-ID# = sect-ID#, and
density factor df = 1

ASSIGN-MC— Assign Plotting Colors to Materials
    PICTUREs of the geometry may have areas filled with colors, which are keyed to
the sector materials.  See section PICTURES of the Geometry for information on
the color option for cross-section and perspective pictures.

By default, colors are chosen by the code from a palette of 20 colors. To assign
specific colors to materials, use the ASSIGN-MC statement:

 ASSIGN-MC  mat-ID#1  c1     { mat-ID#2   c2  }    .  .  .
Where:

mat-ID#1 is the mat-ID# to be assigned a color;

c1   is the ASCII color name to be assigned to material mat-ID#1.

Example:

ASSIGN-MC
1 SKY $ ASSIGN TO MATERIAL 1, COLOR SKY
2 YELLOW $ ASSIGN TO MATERIAL 2, COLOR YELLOW
3 ROSE $ ASSIGN TO MATERIAL 3, COLOR ROSE

When PICTURES are subsequently drawn, areas in the picture which represent
various materials will be drawn in the specified color.
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COG Color Table

(parenthesized words are tint descriptions, not Color Names )

BLACK WHITE RED GREEN
(dark)

BLUE
(dark)

YELLOW MAGENTA CYAN
 (blue)

GRAY PINK

SKY
(blue)

PURPLE TAN ORANGE LAVENDER

BROWN MOSS      (green) LIME
 (green)

ROSE SLATE
 (blue)

Summary of ASSIGN Data Blocks

ASSIGN Block Form Affects

ASSIGN sect-ID#1   mat-ID#1   reg-ID#1   df1 all
ASSIGN-M sect-ID#1   mat-ID#1 Material
ASSIGN-R sect-ID#1    reg-ID#1 Region
ASSIGN-D sect-ID#1    df1 Density factor
ASSIGN-MD sect-ID#1   mat-ID#1   df1 Material, Density
ASSIGN-ML1 mat-ID#1 sect-ID#11  sect-ID#12  .  .  . Material List
ASSIGN-RL1 reg-ID#1 sect-ID#11  sect-ID#12  .  .  . Region List
ASSIGN-MC mat-ID#1  c1 Material Color

Where df = density factor,
c1  = color name

1Requires "/" to separate successive lists.
Default: If ASSIGN statement(s) are not used: mat-ID#  = reg-ID# = sect-ID#, and
density factor df = 1.   

Multiple Use of ASSIGN Blocks
There are seven different types of ASSIGN statements that allow the default values of
mat-ID#, reg-ID#, and density factor df to be changed.  Any, all, or none of these
Data Blocks may be employed as the user sees fit.  However, only one Data Block of
a given type may be used.  If any assignment is made more than once, the last such
assignment prevails.
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Examples of ASSIGN Data Blocks
As an example, let us look at a problem with four sectors.  We will change these
around (albeit in a very unrealistic way) to illustrate the use of ASSIGN statements.

Without any ASSIGN statements, we have these default values:
mat-ID#  = sect-ID# = reg-ID#, and density factor df = 1.

Default Case: Sector 1 Sector 2 Sector 3 Sector 4
Mat-ID# 1 2 3 4
Reg-ID# 1 2 3 4
Density factor df 1.0 1.0 1.0 1.0

Let's use an ASSIGN statement to change the mat-ID#, region-ID#, and density
factor df for two of our sectors:

ASSIGN 1  2  1  1.5  $ ASSIGN TO SECTOR 1, MATERIAL #2,
                     $  REGION #1, DF =1.5 
       3  2  1  0.75 $ ASSIGN TO SECTOR 3, MATERIAL #2,
                     $  REGION #1, DF =0.75 

This changes the Default case to Revision 1:

Revision 1 Sector 1 Sector 2 Sector 3 Sector 4
Mat-ID# 2 2 2 4
Reg-ID# 1 2 1 4
Density factor df 1.5 1.0 0.75 1.0

(Note that the properties for sectors 2 and 4 go unchanged).

Let's now use the ASSIGN-M statement to change the material and the ASSIGN-D
statement to change the density. We obtain the results shown in REVISION 2.

For Example:  

ASSIGN-M   2  5  3  6 $ ASSIGN TO SECTOR 2, MATERIAL 5, AND
    $  TO SECTOR 3, MATERIAL 6

ASSIGN-D   4  2.7    $ ASSIGN TO SECTOR 4, A DENSITY
   $  FACTOR OF 2.7
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We then have for Revision 2:

Revision 2 Sector 1 Sector 2 Sector 3 Sector 4
Mat-ID# 2 5 6 4

Reg-ID# 1 2 1 4

Density factor df 1.5 1.0 0.75 2.7

Note: Sector 1 was not respecified and therefore did not change.

Let's now use the ASSIGN-RL statement to assign several SECTORS to a common
REGION.

For Example:

ASSIGN-RL  10  1  2  3 $ ASSIGN REGION #10 TO SECTORS 1,2,3
          /  12  4     $   AND ASSIGN REGION #12 TO SECTOR 4

This assignment would give us Revision 3:

Revision 3 Sector 1 Sector 2 Sector 3 Sector 4
Mat-ID# 2 5 6 4
Reg-ID# 10 10 10 12
Density factor df 1.5 1.0 0.75 2.7

If by mistake we would now use the additional assignment statement:

ASSIGN  2  2  2  1.0
COG would produce a fatal input error message, since one ASSIGN statement was
already specified.
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The SOURCE Data Block

Outline of General Method
Each COG problem requires that a SOURCE Data Block be specified. (Exception: a
CRITICALITY problem has a special neutron source.) Most sources can be simply
described to COG

A complete source description includes

• a POSITION definition, i.e. where the source is located;

• an ENERGY definition, i.e. the particle type and energy distribution;

• an ANGLE definition, i.e. how the source particles are directed;

• a TIME definition, i.e. the time dependence of the source.

These parts are described in the following sections:

Source POSITION Dependence

Source ENERGY Dependence

Source ANGLE Dependence

Source TIME Dependence

A general particle source can be written as

S(    
r r ,e,Ω

Æ
,t) 

where     
r r  is the spatial (x, y, z) position of the source, e is the particle energy,

  
r 
W  is the direction (q, f) of the emitted particles, and t is the time of
emission. In nearly all cases, the source is separable in the individual
variables. For example, we often speak of a source at a given position, with a
specific energy, radiating isotropically, and at a fixed time. This ability to
separate the parameters implies that the source can be written as a product of
terms:

S(    
r r ,e,Ω

Æ
,t)  = P(    

r r )E(e)A(Ω
Æ

) T(t)

where each of these terms is a function of a single source variable and can be
specified independently of the other terms.For the occasional source that
cannot be exactly separated into independent source terms, it can nearly
always be approximated by a set of source "pieces", known to COG as
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increments. Each increment is a complete description of some part of the
source. The i-th increment Si is given by:

Si(    
r r ,e,Ω

Æ
,t)  = Pi(    

r r )Ei(e)Ai(Ω
Æ

) Ti(t)

where Pi,Ei,Ai,Ti describe particular parts of the source dependence.The

total source is a sum over all increments:

S(  
r 
r ,e,Ω

Æ
,t)  = Â
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n

Pi( r
Æ

)Ei(e)Ai(Ω
Æ

)Ti(t) 

where n is the number of source increments.

Format of the SOURCE Data Block
A COG SOURCE specification consists of one or more source INCREMENTs. Each
INCREMENT requires a POSITION, ENERGY, ANGLE, and TIME dependence to
be DEFINEd (some may be omitted). The general format of the SOURCE Data Block
is:

SOURCE

   miscellaneous source parameters

   DEFINE POSITION 1

      definition of position-dependence #1

   DEFINE POSITION 2

      definition of position-dependence #2

        . . .

   DEFINE ENERGY 1

      definition of energy-dependence #1

   DEFINE ENERGY 2

      definition of energy-dependence #2

          . . .

   DEFINE ANGLE 1

      definition of angle-dependence #1

DEFINE ANGLE 2

      definition of angle-dependence #2
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          . . .

   DEFINE TIME 1

      definition of time-dependence #1

   DEFINE TIME 2

      definition of time-dependence #2

          . . .

   INCREMENT  strength  POSITION=1  ENERGY=2  ANGLE=1

                                                       TIME=3

   INCREMENT  strength  POSITION=2  ENERGY=2  ANGLE=3

                                                       TIME=1

          . . .

where:

strength is the relative source strength of the INCREMENT;

The position-, energy-, angle-, and time-dependences to be associated with each
source INCREMENT are given by the ID#s which follow the keywords POSITION,
ENERGY, ANGLE, and TIME.

Note: The same definition of POSITION, ENERGY, ANGLE, or TIME may be
used by more than one INCREMENT.

ANGLE and TIME dependences may be omitted. COG will use default definitions
for them.

Special Free-Form Inputs
COG offers some notational shortcuts to speed input of repeated or interpolated lists
of numbers (see the Introduction section for a more complete discussion).

To repeat a number or a group of numbers, use:

  n [m1 m2 m3]

This generates n instances of the numbers m1 m2 m3.

For example,
3 [1.1 2.2]  is equivalent to  1.1 2.2 1.1 2.2 1.1 2.2

To linearly interpolate values between given end values, use:

n [m1 i m2]

This generates n linearly interpolated values, starting at m1 and ending at m2.
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For example,

5 [1. i  5.] is equivalent to 1. 2. 3. 4. 5.

To logarithmically interpolate values between given end values, use

n [m1 L m2]

This generates n logarithmically interpolated values, starting at m1 and ending at m2.
The symbol between m1 and m2 is the letter L (or l).

For example,

 5 [1. l  5.] is equivalent to 1.  1.49  2.24 3.34  5.

Note: Delimiting spaces are not needed around brackets but are needed around the i
and L inside the brackets.
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Miscellaneous Parameters
After the SOURCE Data Block name and before the DEFINE and INCREMENT
specifications, four miscellaneous parameters may be specified. These are:

NPART

WRITESOURCE

READSOURCE

RETRACE

CORRELATED

NPART – Number of Source Particles
NPART defines the number of source particles to be run in this problem.

It must always be specified. .

† 
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=  number-of-particles

where:

number-of-particles is the number of particles to be run by COG in this problem.

Default: None; NPART must be specified.

Each source particle has its own starting random-number seed used to initiate its
random walk. COG will randomly generate the specified number-of-particles,
choosing particle starting parameters (position, energy, time, direction, etc.) from the
distributions specified in the SOURCE Data Block.

Exception: The user may specify that particle starting parameters are to be read from
a COG SOURCE file, produced by a previous COG run.

WRITESOURCE – Produce a COG SOURCE File
COG reads the SOURCE Data Block DEFINE and INCREMENT specifications (see
below) and translates them into parameters which completely describe the source. If
the user has specified the WRITESOURCE option, these parameters are written into
an output SOURCE file named inputfile.sor. The file will also contain the random-
number-generator sequence number used to create each source particle during the
COG run. The created SOURCE file will reside in the same directory as the input file.
This file may be used as an input SOURCE file by subsequent COG jobs, when the
user desires to run COG in the CORRELATED mode (see below). To create a
SOURCE file, include the following statement in your SOURCE Data Block after the
NPART specification:

WRITESOURCE
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READSOURCE – Read a Previously-made SOURCE File
To run in the CORRELATED mode (see below), COG requires as input the
SOURCE file created during a prior run when the WRITESOURCE option was
specified. To read in a previously-made SOURCE file, include the following
statement in your SOURCE Data Block:

READSOURCE   filename

where filename is the name of the SOURCE file to be re-used.

Note: Unlike most COG input, filenames are case sensitive, i.e. they must be typed
exactly as they appear on the computer. No embedded blanks are allowed. And unlike
a string used in a COG title, the filename is not surrounded by ".

The READSOURCE statement must immediately follow the NPART statement.
Any DEFINE and INCREMENT specifications which follow the READSOURCE
statement are ignored, since the source is completely described by the SOURCE file.
If the READSOURCE option is used, the requested SOURCE file filename must
exist in the same directory as the input file, and no new SOURCE file will be
generated. In addition, the value of NPART may not exceed the number of particles
actually contained in the input SOURCE file, although it may be less.

Example of an input that uses the READSOURCE option:

SOURCE
   NPART 500000
READSOURCE COGSIN01.SOR

RETRACE Source Particles
The RETRACE option in the SOURCE Data Block allows you to recalculate the
trajectories of previously-run source particles and produce a full listing of all
interactions and “events” that happened to the particle. This is useful for
understanding in detail how "interesting" or important particles contribute to a
detector score. For every DETECTOR in a problem, COG lists the starting random-
number-generator sequence #s of the ten particles that contributed the most to the
score. An example is:

SOURCE PARTICLES MAKING THE TEN LARGEST CONTRIBUTIONS TO
TOTAL RESPONSE

Event histories for these may be obtained by re-running
with RETRACE option
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   Source Particle    Score as         Cumulative Score as
   RNG Sequence #   % of total result   % of total result
       190248          .5119               .5119
       107022          .4501               .9620
       400123          .3792              1.3412
       178383          .3180              1.6591
       291947          .2943              1.9534
       283331          .2889              2.2423
       395136          .2853              2.5275
       155233          .2817              2.8093
       220569          .2802              3.0895
       173727          .2408              3.3303

If one or more particles make unusually large contributions to the detector score, you
might well be interested in learning how this happened. The RETRACE option allows
you to find out.

Modify the SOURCE Data Block in the input file to specify the random-number-
generator sequence numbers of the particles you wish to RETRACE. The format of
the new line is:

SOURCE
RETRACE seq#1  seq#2 . . .

where:

seq#1  seq#2 . . . are the random-number-generator sequence numbers to be retraced.

If you did not specify the starting random number seeds in the prior run, you must
also modify the BASIC Data Block in the input file to specify the starting random
number seeds which COG used in the prior run. These starting seeds are listed in the
COG printout. The format of the line to specify the starting seeds is:

BASIC
RN   rn1  rn2

where:

rn1  rn2 are the random-number-generator starting seeds.

With these modifications to the input file, COG will retrace the specified particles.
No other particles will be run. The RETRACE results will appear in the ….out file.

Make no other changes to the input file.
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Example: We RETRACE particles from the COG run listed above whose random-
number-generator sequence numbers are 190248 and 107022. In the COG ….out file
we find the following line which gives us the starting seed information:

      STARTING RANDOM NUMBER SEEDS FOR TRANSPORT PHASE = 2  4
Insert the following line after the NPART statement in the SOURCE Data Block in the
input file:

RETRACE 190248 107022   $ PARTICLE RNG SEQ.#'S TO BE
                        $ RETRACED

Insert the following line in the BASIC Data Block in the input file:

RN  2  4  $  RNG STARTING SEEDS
This run will only RETRACE the particles listed and will do no other calculations.

These RETRACEs can give important clues as to how the problem might be biased or
reorganized to give more reliable answers.

The output for a single RETRACED particle is shown below. In going from "event"
to "event", only the quantities which change are listed. For example, under "event" 2
the particle parameters  x, y, z  are listed because they have changed since the
previous "event", while particle type, energy, direction, etc. are not listed because
they have not changed.

 COMPLETE EVENT-HISTORY FOR SOURCE PARTICLE NUMBER    466
1  particle taken from initial source specifications
      x= 1.263076E-01  y= 7.377586E+01  z= 1.168666E-01
      u=-1.159619E-02  v=-9.998500E-01  w=-1.286660E-02
      age=  .000000E+00
      photon       E= 5.271478E-02  vel= 2.997925E+10
      statistical weight= 5.749345E-02
      number of collisions=     0
      material number=    0  region number=    0
      density factor=  .000000E+00 tot Xsect=  .000000E+00
      mean-free-paths left to travel= 4.485420E-01
      distance to next boundary 6.440608E+01
2  crossed a boundary between two different regions
      x=-6.205577E-01  y= 9.379442E+00  z=-7.118208E-01
      age= 2.148356E-09
      material number=    4  region number=   14
      density factor= 1.000000E+00 tot Xsect= 2.830805E-01
      cosine of angle from trajectory to normal=.000000E+00
      distance to next boundary 1.399015E+01
3  enters into a collision
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      x=-6.389319E-01  y= 7.795177E+00  z=-7.322079E-01
      age= 2.201209E-09
      material number=    4  region number=   14
4  exits from a collision
      u=-2.679967E-01  v=-8.493922E-01  w=-4.546544E-01
      photon       E= 5.195490E-02  vel= 2.997925E+10
      number of collisions=     1
      material number=    4  region number=   14
      density factor= 1.000000E+00 tot Xsect= 2.839803E-01
      reaction number=   72  
      compton  mean-free-paths left to travel= 5.775473E-01
      Energy dep. times statistical wt. = 4.368820E-05
      distance to next boundary 1.964484E+00
5  crossed a boundary between two different regions
      x=-1.165407E+00  y= 6.126559E+00  z=-1.625369E+00
      age= 2.266737E-09
      material number=    0  region number=    0
      density factor=  .000000E+00 tot Xsect=  .000000E+00
      mean-free-paths left to travel= 1.967233E-02
      cosine of angle from trajectory to normal=.000000E+00
      distance to next boundary 1.326312E+00
6  crossed a boundary between two different regions
      x=-1.520855E+00  y= 5.000000E+00  z=-2.228383E+00
      age= 2.310978E-09
      cosine of angle from trajectory to normal=.000000E+00
      distance to next boundary 9.395629E+00
7  crossed a boundary between two different regions
      x=-4.038852E+00  y=-2.980574E+00  z=-6.500148E+00
      age= 2.624383E-09
      cosine of angle from trajectory to normal=.000000E+00
      distance to next boundary 2.377496E+00

CORRELATED Source Particles
The CORRELATED option lets you run a series of problems which differ only
slightly. For example, you might wish to evaluate the effects of different filters placed
in some small region of your geometry. In the CORRELATED mode a previously-
generated SOURCE file is read in, and particles are started from the same source with
the same initial parameters and the same starting random-number-generator sequence
numbers as used in the previous run. The idea is that because the difference in
problems is slight, only trajectories affected by the changes will be different. This
implies that the difference in results between the CORRELATED problems will be
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more meaningful than the difference in results between two uncorrelated runs,
because the statistical fluctuations caused by using different source samples is
eliminated.

The CORRELATED option is also used with the Lucky Particle detector option.
Running in the Lucky Particle mode causes the ….sor file to contain the random
number seeds for only those source particles which reach the designated Lucky
Particle detector boundary. Detector design studies can then be efficiently done by
modifying the detector properties and rerunning in the CORRELATED mode, which
will transport only those particles known to reach the detector.

To run in CORRELATED mode, add to the SOURCE Data Block the information
below:

READSOURCE  infile.sor

CORRELATED

where:

infile.sor is the name of the source file created in a previous run of COG on input file
infile.
the CORRELATED results appear in the new ….out file.

Example: Do a CORRELATED run using the SOURCE file from the COG run
COGin1. Insert the following line after the NPART statement in the SOURCE Data
Block:

READSOURCE COGin1.sor
CORRELATED

Any of the standard textbooks1 discuss this very powerful method in greater detail.
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Source INCREMENTs
A SOURCE INCREMENT specifies the position, angle, energy, and time
dependence of one part of the total COG SOURCE. The simplest SOURCE has just a
single INCREMENT. The INCREMENT statement has the form:
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where:

source-strength is the source intensity for this INCREMENT.
For a STEADY state time-dependent source, the source-strength is the number of
particles emitted by this INCREMENT per unit time, using the units of time specified
in the BASIC Block. The scores for this problem will be given in the output as results
per second.
For all other source types, source-strength is just the relative strength of this
INCREMENT compared to other INCREMENTS, and is used to normalize the
problem results to results per source particle, times the increment source strength.
The source-strength can be any value greater than zero.

COG samples INCREMENTS with a frequency which depends on the relative
source-strength of each INCREMENT, weighted by its relative IMPORTANCE. For
example, if one INCREMENT has twice the source-strength as another (and default
IMPORTANCES (i = 1) are used), then it will be sampled twice as often; i.e., COG
will generate twice as many source particles from this INCREMENT than from the
other.

pd# is the ID# of the POSITION definition for this increment;

ed# is the ID# of the ENERGY definition for this increment;

ad# is the ID# of the (optional) ANGLE definition for this increment;

td# is the ID# of the (optional) TIME definition for this increment.
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Note: All ID#s must be positive integers.

Defaults:

POSITION dependence: None; must be specified.

ENERGY dependence: None; must be specified.

ANGLE dependence: Isotropic.

TIME dependence: Delta function at t=0. This choice results in

scores per source particle.

In the (optional) IMPORTANCE field, i is the relative importance of particles born in
this increment compared to the importance in other increments. INCREMENTS with
larger values of i will be sampled more frequently than those with smaller values of i.
See the discussion of Source IMPORTANCES in the next Section.

Default: If omitted, the IMPORTANCE is set to 1.

Example: Here three INCREMENT statements are used in the SOURCE Data Block.
The POSITION, ENERGY, and ANGLE dependences referred to in these
INCREMENT statements must be defined elsewhere in the Data Block. By default, all
INCREMENTS have unit IMPORTANCE.

INC 1.085172  P 1  E 1  A 1
INC 1.084079  P 1  E 2  A 2
INC 1.080834  P 1  E 3  A 3

Note: As shown here, INCREMENTS may share definitions of POSITION,
ENERGY, ANGLE, and TIME.

More examples of SOURCE INCREMENTS are given below, following the sections
on DEFINING the POSITION, ENERGY, TIME, and ANGLE dependence of the
problem sources.

During particle generation at the source, the code keeps track of the minimum,
maximum, and average starting parameters for each particle. These values are later
printed so the user can check that the source is correct.
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Example: Scoring Particles from Multiple Increments

Consider a two-increment source, which produces scores in a detector. All weights
are unity. All importances are unity.  COG will sample the two increments
proportionately to their strengths. The Raw Score for the detector is the sum of
weights of scoring particles from the specified increments.

Inc Source  Npart   Fract.  Raw    Score per     Scaled by
 # Strength per Inc Scoring Score  Inc. Particle Src. Inten.
--- -----  -------  ------- -----  ------------- ----------
 1  10.e5   100      1/2     50       .5          5.0e5
 2   1.e5    10      1/2      5       .5          0.5e5
-----------------------------------------------------------
Tot: 11.e5  110              55                   5.5e5
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Source IMPORTANCEs
Each SOURCE INCREMENT may be given a specified IMPORTANCE. The format
for this input is:
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The purpose of using non-uniform SOURCE IMPORTANCES is to cause COG to
create and follow more particles from those SOURCE increments which contribute
more to the result at your detector (i.e., have greater IMPORTANCE) than those
which contribute relatively little. The code automatically modifies the weight of these
more "important" particles so that the correct answer is still obtained, but it is an
answer with improved statistics.

COG samples INCREMENTS with a frequency which depends on the relative
source-strength of each INCREMENT, weighted by its relative IMPORTANCE.
Numerically, the expected number of particles <Nj> to be generated in an
INCREMENT of source-strength sj and importance Ij is:

  <Nj> = NPART 

† 

sjIj

sjIj
j

Â

È 

Î 

Í 
Í 
Í 
Í 
Í 

˘ 

˚ 

˙ 
˙ 
˙ 
˙ 
˙ 

For example, if one INCREMENT has twice the source-strength as another, but it
has one half the IMPORTANCE, then both INCREMENTS will be sampled with
equal number of particles; but the particles from the INCREMENT with half the
source-strength will also have one half the weight. Since the quantity scored by a
COG detector is particle weight, this weight adjustment preserves the score.
IMPORTANCE biasing of the SOURCE is meant to improve the run efficiency, so
that for a fixed number of COG particles, you will get a more precise answer than if
you had used the default condition of uniform INCREMENT IMPORTANCEs.
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COG will adjust the particle weights for any SOURCE INCREMENT, ENERGY,
ANGLE and TIME IMPORTANCE biasing, so that unbiased DETECTOR results
are obtained, regardless of the IMPORTANCEs.

There are two general cases where one would use INCREMENT biasing. Consider a
particle source which has a rather large spatial extent but only a few source regions
which contribute much to the desired result. The user might then wish to break the
volume source into a number of increments, each of which represents just part of the
total volume. Those increments

contributing most of the result would then be given large IMPORTANCE values
while those contributing little would be given smaller

IMPORTANCE values. This effectively allows importance sampling of the spatial
distribution of the source. The second case involves a problem with both neutrons and
photons. Generally the source strengths are much larger for the photon sources than
for the neutron sources. You can assign IMPORTANCE values to the INCREMENTS
to alter the selection process, so approximately the same number of source neutrons
as source photons are followed. In both cases, of course, the initial particle weights
are modified by COG so that the problem solution remains correct.

Example of specifying IMPORTANCES for INCREMENTs. Here the third
INCREMENT has twice the IMPORTANCE, and will be sampled twice as often, as
the first and second SOURCE INCREMENTs.

INC 1.08  P 1  E 1  A 1  IMP 0.5

INC 1.08  P 1  E 2  A 2  IMP 0.5

INC 1.08  P 1  E 3  A 3  IMP 1.0

Example: Form a two-INCREMENT SOURCE description for a neutron/photon
problem. The POSITION, ENERGY, and ANGLE dependences referred to in these
INCREMENT statements must be defined elsewhere in the Data Block. If we specified
no IMPORTANCES for this problem, the number of neutrons generated would only
be 1/5 the number of photons, as dictated by their relative source-strengths

(3.70X1010/ 1.85X1011). If we wish to track as many neutrons as photons (in order
to improve neutron statistics, say) we can specify increased neutron IMPORTANCE.

INCREMENT 3.70E10 P=1  E=1  T=1 IMP 5. $NEUTRON SOURCE
INCREMENT 1.85E11 P=1  E=2  T=1 IMP 1. $PHOTON SOURCE

By increasing the relative neutron IMPORTANCE by a factor of 5, the product of
source-strength and IMPORTANCE is now the same for both INCREMENTs, and
roughly equal numbers of neutrons and photons will be generated.
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Below is the COG printout for this problem. Note that the total source strength by
particle type is summed for the user's convenience in checking the normalization of
the problem. Where TIME or ANGLE description ID#s are listed as zero, default
TIME or ANGLE descriptions were used in the problem. Approximately 5000
neutrons and 5000 photons were generated, as desired.

COMPLETE SOURCE DESCRIPTION
TOTAL NUMBER OF SOURCE PARTICLES TO BE GENERATED =      10000

INCREMENT  SOURCE STRENGTH DESCRIPTION OF SEPARABLE PARTS     RELATIVE
                           POSITION   ENERGY   TIME   ANGLE  IMPORTANCE
    1     3.7000E+10  N          1        1      1       0    5.0000E+00
    2     1.8500E+11  P          1        2      1       0    1.0000E+00

TOTALS
          3.7000E+10  N
          1.8500E+11  P

SUMMARY OF RANDOM-WALK EVENTS FOR      10000 SOURCE PARTICLES
  REMOVAL AND ADDITION WEIGHTS AND DEPOSITED ENERGY ARE NORMALIZED
  TO ONE SOURCE PARTICLE

 REGION NUMBER    1
                         # OF    REMOVAL     ADDITION    DEPOS
EVENT         PARTICLE   EVENTS  WEIGHT      WEIGHT      ENERGY (MEV)
----------    --------   ------  ----------  ----------  -----------
FIXED SOURCE  NEUTRON    4977   .0000E+00    3.6831E+10  .0000E+00
              PHOTON     5023   .0000E+00    1.8584E+11  .0000E+00

Each ENERGY, TIME, and/or ANGLE dependence which you specify for a
SOURCE may also have an IMPORTANCE field. In this field you can specify the
relative IMPORTANCE of each interval of ENERGY, TIME or ANGLE. The
purpose of using non-uniform SOURCE IMPORTANCES in a problem is to cause
COG to create and follow more particles from those intervals (in ENERGY, TIME, or
ANGLE) which contribute more to the result at your detector (i.e., have greater
IMPORTANCE) than those which contribute relatively little. For example, if one
energy interval is assigned twice the importance of another, it will be sampled twice
as often. As for INCREMENT biasing, biasing of an ENERGY-, TIME-, and/or
ANGLE-dependent SOURCE means that for a fixed number of COG particles run,
you will get a more precise answer than if you had used the default condition of
uniform SOURCE IMPORTANCEs. Note that importance biasing does not change
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significantly to your answer go undersampled æ in which case you can get the wrong

answer.

the result of a run, unless this biasing causes volumes of phase space which contribute
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Source POSITION Dependence
The POSITION dependent SOURCE specification is started with:

DEFINE  
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POSITION
P

È 

Î 
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˚ 
˙ =  pd#

where pd# is any positive integer chosen by the user to identify this definition.

This statement is then followed by the data for one of the POSITION definitions
listed below. You will need a DEFINE POSITION definition for each different
position-dependence in your problem.

There are four classes of POSITION dependent sources:

POINT sources;

LINE sources, with a uniform source strength per unit length;

SURFACE sources, with uniform source strengths per unit area;

VOLUME sources, with uniform source strengths per unit volume.

The coordinates used to describe position dependence are in the default units of
centimeters, unless specified otherwise in the BASIC Data Block.

Default: None; a POSITION dependence must be specified.

Source POSITION Graphics
COG aids the user in debugging his source POSITION dependence specification by
plotting the positions of several thousand points randomly chosen from the SOURCE
definitions. This COG graphical output is written to the ….ps file. The user should
look at these SOURCE pictures to assure that the source has been properly defined
and positioned. The user can also supply an ANALYSIS Data Block to make a
picture of SOURCE particles scattering in the user's geometry.

Example of a SOURCE POSITION graphical output showing a DISK surface source
at -73.72 mm with a 5 mm radius (mm units set in BASIC Data Block).

DEFINE  POSITION = 2
SS-DISK 0. -73.72 0. 0. -74.72 0.  5.
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POINT Source

P1  •                     
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Point P1(x,y,z) specifies the location of the point source.

Example: Define a POINT source at (-1.3,2.2,0.).

DEFINE POSITION 1
POINT -1.3  2.2  0. LINE SOURCES
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Straight LINE Source
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LIN     x1 y1 z1   x2 y2 z2

Points P1(x1,y1,z1) and P2(x2,y2,z2) form the endpoints of the line.

Example: Define a LINE source between (0.,0.,0.) and (0.,4.,0.).

DEFINE P 3
LINE 0. 0. 0.  0. 4. 0.

CIRCLE Line Source

 Î
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˙
˘CIRCLE

CIR    x1 y1 z1   x2 y2 z2

           r   {x3 y3 z3  fmin  fmax }

Point P1(x1,y1,z1) is the center of the circle and point P2(x2,y2,z2) lies on the normal
to the circle plane through P1.

r is the circle radius.

A circular arc source can be defined by specifying the point P3(x3,y3,z3) and an
azimuthal angle range fmin,fmax (in degrees). P1P3 forms a reference line from
which the azimuth is measured. P1P3 must be normal to P1P2.

Example: Define a CIRCLE line source centered at (0.,0.,0.), lying in the xz plane,
and with a radius of 3.5.

DEFINE POSITION 2
CIRCLE 0. 0. 0.  0. 1. 0.  3.5
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Surface Sources
SS-TRIANGLE Surface Source

 

Î
Í
È

˚
˙
˘SS-TRIANGLE

SS-TRI
SS-T

  x1 y1 z1  x2 y2 z2

                               x3 y3 z3  

Points P1(x1,y1,z1), P2(x2,y2,z2), and P3(x3,y3,z3) lie at the three vertices of the

triangle.

Example: Define a TRIANGLE surface source with vertices at (0.,0.,0.), (1.,0.,0.),
and (0.,1.,0.).

DEFINE P 1
SS-TRIANGLE 0. 0. 0.  1. 0. 0.  0. 1. 0.

SS-PARALLELOGRAM Surface Source
 

Î
Í
È

˚
˙
˘SS-PARALLELOGRAM

SS-PAR
SS-P

  x1 y1 z1

                 x2 y2 z2     x3 y3 z3   

Points P1(x1,y1,z1), P2(x2,y2,z2), and P3(x3,y3,z3) are the "top-left", "bottom-left",
and "bottom-right" corners of the parallelogram, as shown.

Example: Define a PARALLELOGRAM surface source with corners at            (-
1.,1.,0.), (0.,0.,0.), and (2.,0.,0.).

DEFINE POSITION 3
SS-PAR -1. 1. 0.  0. 0. 0.  2. 0. 0.
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SS-DISK Surface Source

Î
Í
È

˚
˙
˘SS-DISK

SS-DIS
SS-D

    x1 y1 z1  x2 y2 z2    ro

             {rin}  {x3 y3 z3   fmin  fmax }

Point P1(x1,y1,z1) is the center of the disk and
point P2(x2,y2,z2) lies on the disk normal
through P1.
ro is the outer radius.
rin is the (optional) inner radius, which restricts
the surface to an annulus.
The surface can be limited in azimuthal extent
by specifying the point P3(x3,y3,z3) and

an azimuthal  range fmin,fmax (in degrees). P1P3 forms a reference line from which
the azimuth is measured. P1P3 must be normal to P1P2.

Example: Define an annular DISK surface source centered at (0.,0.,0.), lying in the
xy plane, and with an outer radius of 3. and an inner radius of 1.5.

DEFINE POSITION 2
SS-DISK 0. 0. 0.  0. 0. 1.  3.  1.5
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SS-SPHERE Surface Source

Î
Í
È

˚
˙
˘SS-SPHERE

SS-SPH
SS-S

    x1 y1 z1     r

     {x2 y2 z2   qmin qmax }
     {x3 y3 z3   fmin fmax }

2
• Point P1(x1,y1,z1) is the center of the sphere.

r is the radius.

The surface can be limited in polar angle by
specifying a point P2(x2,y2,z2) on the polar

axis and the angle range qmin, qmax (in

degrees).

The surface can be further limited in azimuthal
extent by specifying the point P3(x3,y3,z3) and
an azimuthal range fmin,fmax  (in degrees).

P1P3 forms a reference line from which the
azimuth is measured. P1P3 must be normal to
P1P2.

Example: Define a hemi-spherical SPHERE surface source centered at (0.,0.,0.),
with a radius of 3., and lying in the +x hemisphere.

DEFINE P 1
SS-SPHERE 0. 0. 0.  3.  1. 0. 0.  0. 90.
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 SS-ELLIPSOID Surface Source

† 

SS - ELLIP
SS - ELL

È 

Î 
Í 

˘ 

˚ 
˙ 

PRO
OBL

È 

Î 
Í 

˘ 

˚ 
˙ a b   x1 y1 z1     

               x2 y2 z2   {qmin qmax }
               {x3 y3 z3   fmin fmax }

The ellipsoidal surface is formed by revolving
an ellipse about either its major axis, yielding a
prolate spheroid, or its minor axis, forming an
oblate spheroid.

PRO denotes a prolate spheroid;

OBL denotes an oblate spheroid;

a is the major axis length;

b is the minor axis length;

Point P1(x1,y1,z1) is the center of the ellipsoid;

Point P2(x2,y2,z2) lies on the axis of revolution

of the figure.

The surface can be limited in polar angle by specifying the polar angle range qmin,
qmax (in degrees) as measured from the P1P2 axis. The surface can be further limited
in extent by specifying the point P3(x3,y3,z3) and an azimuthal angle range fmin,fmax

(in degrees). P1P3 forms a reference line from which the azimuth is measured. P1P3

must be normal to P1P2.
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Example: Define a prolate ELLIPSOID surface source with major axis 2. and minor
axis 1., centered at (0.,0.,0.), rotated about a line from the center to (0.,0.,1.), and
limited in polar extent between 30° and 60°.

DEFINE POSITION 1
SS-ELLIPS PRO 2.  1.  0. 0. 0.  0. 0. 1.  30. 60.

SS-CONE Surface Source

•

•

2

1

•3

r

fmin
fmax

h

Î
Í
È

˚
˙
˘SS-CONE

SS-CON
SS-K

    x1 y1 z1   x2 y2 z2   r

            {h}  {x3 y3 z3   fmin  fmax }

Point P1(x1,y1,z1) lies on the cone axis in the base plane.

Point P2(x2,y2,z2) defines the cone apex.

r is the cone radius in the base plane.
The surface can be limited in axial extent by specifying a height h, measured from the
base.
The surface can be limited in azimuthal extent by specifying the point P3(x3,y3,z3)
and an azimuthal angle rangefmin,fmax  (in degrees).
P1P3 forms a reference line from which the azimuth is measured.
P1P3 must be normal to P1P2.

Note: The surface of the cone does not include the base or top planes.

Example: Define a CONE surface source with base center at (0.,0.,0.), apex at
(0.,0.,3.), base radius of 1., height of 2., and limited in extent between 0° to 90°,
measured from the line formed by the base center and the point (1.,0.,0.).

DEFINE POSITION 1
SS-CONE 0. 0. 0.   0. 0. 3.   1  2.   1.  0.  0.  0. 90.
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SS-CYLINDER Surface Source

Î
Í
È

˚
˙
˘SS-CYLINDER

SS-CYL
SS-C

     x1 y1 z1   x2 y2 z2   r

                     {x3 y3 z3   fmin fmax }

Points P1(x1,y1,z1) and P2(x2,y2,z2) define the cylinder axis and its extent. The
surface is limited by the axis-normal end planes containing P1 and P2.

r is cylinder radius.

The surface can be limited in azimuthal extent by specifying the point P3(x3,y3,z3)
and an angle rangefmin,fmax  (in degrees). P1P3 forms a reference line from which
the azimuth is measured. P1P3 must be normal to P1P2.

Note: the surface of the cylinder does not include the limiting end planes.

Example: Define a CYLINDER surface source with base center at (0.,0.,0.), top
center at (0.,0.,2.), radius of 1., and limited in extent between 30° to 60°,measured
from the line formed by the base center and the point (0.,1.,0.).

DEFINE POSITION 1
SS-CYLINDER 0. 0. 0.  0. 0. 2.  1.
0. 1. 0.  30. 60.
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Volume Sources
PARALLELEPIPED, BOX Volume Source

 

Î
Í
È

˚
˙
˘PARALLEL

PAR
BOX

     x1 y1 z1   x2 y2 z2

                             x3 y3 z3  x4 y4 z4

           
Ó
Ì
Ï

˛
˝
¸

!
Î
Í
È

˚
˙
˘MATERIAL

MAT
REGION

!REG

!=!number!  

P1(x1,y1,z1), P2(x2,y2,z2), P3(x3,y3,z3), P4(x4,y4,z4) represent four corners of the

parallelepiped.

Points P1, P2, and P3 are three corners of one plane. Point P4 lies on the remaining
corner whose edge connects to P2 (see figure).

The optional MATERIAL/REGION field specifies either a material or a region
number (mat-ID# or reg-ID#). This constrains the source points to be chosen within
the defined volume and also within the specified material or region.

Example: Define a PARALLELEPIPED volume source with four defining corners at
(0.,0.,0.), (3.,0.,0.), (3.,1.,0.), and (3.,0.,1.).

DEFINE POSITION 1
PARALLEL 0. 0. 0.  3. 0. 0.  3. 1. 0.   3. 0. 1.
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CYLINDER Volume Source

Î
Í
È

˚
˙
˘CYLINDER

CYL
C

    x1 y1 z1   x2 y2 z2    ro

            {rin)   (x3 y3 z3  fmin fmax )

Ó
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˘MATERIAL
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REGION

!REG

!=!number!  

Points P1(x1,y1,z1) and P2(x2,y2,z2) define the cylinder axis and its extent. The
volume is limited by axis-normal end planes at P1 and P2.

ro is the cylinder outer radius.

The volume can be limited in radial extent by specifying an inner radius rin. The
volume can be limited in azimuthal extent by specifying the point P3(x3,y3,z3) and an
angle range fmin, fmax (in degrees). P1P3 forms a reference line from which the
azimuth is measured. P1P3 must be normal to P1P2.

The optional MATERIAL/REGION field specifies either a material or a region
number (mat-ID# or reg-ID#). This constrains the source points to be chosen within
the defined volume and also within the specified material or region.

Example: Define a CYLINDER volume source with base centered at (0.,0.,0.), top
centered at (0.,0.,2.), radius of 1.2, and limited in extent between 0° to 90°, measured
from the line formed by the base center and the point (1.,0.,0.).

DEFINE POSITION 1
CYLINDER 0. 0. 0.  0. 0. 2.  1.2  1. 0. 0.  0. 90.
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CONE Volume Source

CONE Volume Source

Î
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˚
˙
˘CONE

CON
K

     x1 y1 z1   x2 y2 z2   ro

           {rin}    Ó
Ì
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H !=!h    

           {x3 y3 z3  fmin fmax }
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Point P1(x1,y1,z1) lies on the cone axis and in the base plane.
Point P2(x2,y2,z2) defines the cone apex.
ro is the cone outer radius in the base plane.
The volume can be limited to a conical shell by specifying rin, the cone inner radius in the
base plane. The resulting volume lies between two parallel cones which have the same
centerline but different radii in the base plane.
The volume can be limited in axial extent by specifying a height h, measured from the base.
The volume can be limited in azimuthal extent by specifying the point P3(x3,y3,z3) and an

azimuthal angle range fmin, fmax (in degrees). P1P3 forms a reference line from which the
azimuth is measured. P1P3 must be normal to P1P2.
The optional MATERIAL/REGION field specifies either a material or a region number (mat-
ID# or reg-ID#). This constrains the source points to be chosen within the defined volume
and also within the specified material or region.
Example: Define a CONE volume source with base centered at (0.,0.,0.), apex at (0.,0.,3.),
outer radius of 2., inner radius 0., height of 1.5, and limited in extent between 0° to 180°,
measured from the line formed by the base center and the point (2.,1.,0.).
DEFINE POSITION 1
CONE 0. 0. 0.  0. 0. 3.  2.  0.  1.5   2. 1. 0.  0. 180.
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SPHERE Volume Source

1
ro

�
Î
Í
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˚
˙
˘SPHERE

SPH
S

     x1 y1 z1     ro   {rin }

               {x2 y2 z2   qmin qmax}
               {x3 y3 z3  fmin fmax}

              
Ó
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Point P1(x1,y1,z1) lies at the sphere center,
ro is the sphere outer radius. The sphere
may be restricted to a spherical shell by
specifying the inner radius, rin.
The volume can be limited in polar angle
by specifying the point P2(x2,y2,z2) and an
polar angle range qmin, qmax (in degrees).
The volume can be limited in azimuthal
extent by specifying the point P3(x3,y3,z3)
and an azimuthal angle range
fmin,fmax(in degrees) . P1P3 forms a
reference line from which the azimuth is
measured. P1P3 must be normal to P1P2.

The optional MATERIAL/REGION field specifies a material or a region number
(mat-ID# or reg-ID#). This constrains the SOURCE points to be chosen within the
defined volume and also within the specified material or region.

Example: Define a SPHERE volume source with center at (0.,9.,0.), outer radius of
5., inner radius 1., and limited in extent between polar angles 45° to 90°, measured
from the line formed by the center and the point (1.,1.,0.).

DEFINE P 4
SPHERE 0. 9. 0.   5.  1.   1. 1. 0.  45. 90.



SOURCE Data Block
Source POSITION Dependence
Volume Sources 9/1/02

– 183 –

Arbitrary Volume Source

An arbitrary volume source can be specified by utilizing the MATERIAL/REGION
option in combination with one of the Volume Sources described above.

Example: The following SPHERE Volume Source with the REGION Option restricts
source points to the volume which lies both within the sphere and within the user's
REGION 3.

DEFINE P 4
SPHERE 0. 9. 0.   5.  REGION = 3

Since a REGION is a user-defined set of one or more sectors, and sectors may have
any desired complex shape, this method allows the construction of a very general
source volume.

Each Volume Source may be combined with the MATERIAL/REGION Option. The
data for this Option immediately follow the Volume Source specification, and has this
form:

Ó
Ì
Ï

˛
˝
¸

!
Î
Í
È

˚
˙
˘MATERIAL

MAT
REGION

!REG

!=!number!   

(See above-listed Volume Source(s) for details
of specifying these sources.)

The optional field specifies either a material or a region number (mat-ID# or reg-
ID#). This constrains the source points to be chosen within the defined volume and
also within the specified material or region.

COG will choose source points randomly and uniformly inside the specified Volume
Source volume, and then discard those which lie outside the specified MATERIAL or
REGION. For efficient point generation, the Volume Source should be roughly the
same size and shape as the REGION.
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Source ENERGY Dependence
The definition of an ENERGY-dependent SOURCE specification is started with:

  DEFINE  ÎÍ
È

˚̇
˘ENERGY

E    =  ed#    

† 

NEUTRON
PHOTON
GAMMA
PROTON
ELECTRON

È 

Î 

Í 
Í 
Í 
Í 
Í 
Í 

˘ 
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˙ 
˙ 
˙ 
˙ 
˙ 
˙ 

where:

ed# is any positive integer chosen by the user to identify this ENERGY definition;
and

  

NEUTRON
PHOTON
GAMMA
PROTON
ELECTRON

È 

Î 
Í 
Í 

˘ 

˚ 
˙ 
˙ 

specifies the source particle type. Each ENERGY definition is

limited to only one type of particle.

The DEFINE statement is then followed by the data for one of the six types of
ENERGY specifications given below. You will need a DEFINE ENERGY definition
for each different energy-dependence in your problem.

Default: None; an ENERGY-dependent source specification must be given in each
COG problem.

The units used to describe the ENERGY dependence are defaulted to MeV, unless
specified otherwise in the BASIC Data Block.

Source ENERGY Graphics
As for the POSITION-dependent source specification, COG makes a plot of the
specified ENERGY-dependent source. In some cases, on the top portion of this figure
are plotted a set of randomly chosen energies picked from the ENERGY-dependent
source distribution. Note that the chosen points include any IMPORTANCE
specification.
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LINE Energy Source
Many sources consist of one or more discrete energy lines. Each line has associated
with it a relative intensity. A LINE source is given by

 

† 

LINE
LINES

È 

Î 
Í 

˘ 

˚ 
˙ e1 s1  (e2 s2 ) . . .

   

† 

IMPORTANCE
IMP

I
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Í 
Í 
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˙ 
˙ 
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importance - spec
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Ì 
Ô 

Ó 
Ô 

¸ 

˝ 
Ô 

˛ 
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where s1 is the relative strength (intensity) of the line at energy e1 etc.

The optional importance-spec is a distribution which specifies the relative
IMPORTANCE of the source over a set of energies. It has two forms:

              e1  i1    e2  i2    e3  i3    . . . en in             (Linear Dist.)

           or  e1  i1    e2  i2    e3  i3    . . . en in   en+1  (Histogram Dist.)

In the first form, Linearly-interpolated Distribution, IMPORTANCE is given as i1 at

energy e1 and varies linearly to i2 at energy e2, and reaches a value of in at energy
en.

In the second form, Histogram Distribution, the IMPORTANCE is constant at a
value of i1 between energies e1 and e2, at i2 between e2 and e3, etc., and at in between
en and en+1. Note that the Histogram form requires one more value of e than the

Linearly-interpolated form.

See Source IMPORTANCEs for more discussion on the purpose and use of
IMPORTANCES.

Default: Energy units are MeV unless otherwise specified in the BASIC Data
Block.
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Example: Define a LINE ENERGY-dependent source corresponding to the
fluorescent silver x-ray lines. Sample the kb2 line 50 times as frequently as its natural
occurrence.

    DEFINE ENERGY = 2 PHOTON
    LINE
          .022162 100 $AG KA1
          .021988  50 $KA2
          .024942  15 $KB1
          .025452   2 $KB2
IMP

          .022162  1 $AG KA1
          .021988  1 $KA2
          .024942  1 $KB1
          .025452 50 $KB2
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CASCADE Line Energy Source
COG can simulate simple gamma cascades. This is specified by:

particle-type CASCADE e1  e2  w2  a2  a4

where:

particle-type must be PHOTON for this option;

e1  is the energy of the first member of the CASCADE;

e2 is the energy of the second member;

w2 is the ratio of the relative intensities of gamma2 to gamma1;

a2 and a4 are coefficients which describe the angular correlation between gamma1

and gamma2 in the equation:

1 + a2*P2(w) + a4*P4(w),

where P2 and P4 are Legendre polynomials, and w is the cosine of the angle between
gamma1 and gamma2.

Default: Energy units are MeV unless otherwise specified in the BASIC Data
Block.

Example: Define a CASCADE source corresponding to gamma emission from Co60.

DEFINE E 1
PHOTON CASCADE 1.173 1.332 1. 0.102 0.009
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GAUSSIAN Energy Source
A GAUSSIAN energy distribution is given by

GAUSSIAN     eo   w                 
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where eo is the center energy and w is the full width of the distribution measured at

half the maximum value. Internal to the code, this distribution is simulated by a 201
point distribution evaluated from a lower energy of

eo – 2w or zero, whichever is greater, to e0 + 2w.

(See Source LINE ENERGY Specification for ENERGY importance-spec
description.)

Default: Energy units are MeV unless otherwise specified in the BASIC Data
Block.

Example: Define a GAUSSIAN source of neutrons with mean energy of 14.1 MeV
and full width at half maximum of 2.2 MeV.

DEFINE E 1 NEUTRON
 GAUSSIAN 14.1 2.2
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WATT Fission Neutron Energy Source
A WATT fission neutron energy distribution is given by

WATT     a         b                 
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where a and b are the constants in the Watt expression for the fission neutron
spectrum:

  f(E) = exp(-aE) sinh bE 

For many fissionable isotopes, approximate values are a=1, b=2.

(See Source LINE ENERGY Specification for ENERGY importance-spec
description.)

Default: Energy units are MeV unless otherwise specified in the BASIC Data
Block.

Example: Define a WATT source of neutrons.

DEFINE E 1 NEUTRON
 WATT 1. 2.
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MAXWELLian Energy Source
A Maxwellian energy distribution is given by

MAXWELL     a                  
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where a is the parameter specifying the Maxwellian distribution:

f(E) = E *exp(-E/a) .

The code will generate 101 points of this distribution, ranging from E = 0 to E = 8a.

 (See Source LINE ENERGY Specification for ENERGY importance-spec
description.)

Default: Energy units are MeV unless otherwise specified in the BASIC Data
Block.

Example: Define a Maxwellian source of neutrons.

DEFINE E 1 NEUTRON
 MAXWELL 1.2
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Point-Wise Energy DISTRIBUTION
A complete Point-Wise ENERGY DISTRIBUTION may be given by specifying

DISTRIBUTION e1  s1    e2  s2    e3  s3    . . .
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where the si values represent the relative source intensity per unit energy at the

preceding energy point. It is assumed that a linear fit between adjacent energy points
accurately describes the distribution. The energies may be in either ascending or
descending order. Outside of the specified energy range, the source is zero. An
example of the plot of such an input is shown below. (See Source LINE ENERGY
Specification for ENERGY importance-spec description).

Default: Energy units are MeV unless otherwise specified in the BASIC Data
Block.



SOURCE Data Block
Source ENERGY Dependence
Point-Wise DISTRIBUTION 9/1/02

– 193 –

Example: Define a neutron point-wise energy DISTRIBUTION with specified
IMPORTANCEs. The number of neutrons per unit energy is 1 at 2 MeV, 2 at 8 MeV,
3 at 14 MeV, and zero everywhere else. The importance is unity at 0 MeV, and
decreases to zero at 20 MeV.

DEFINE ENERGY 2 NEUTRON
 DISTRIBUTION 2. 1.  8. 2.  14. 3.
IMPORTANCE 0. 1.  20. 0.
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BIN Energy Source
A BIN source known only by averages within a given energy bin (i.e. a histogram)
may be specified by

BIN  e1  s1    e2  s2    e3  s3    . . .   en sn  en+1     
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where si represents the average source intensity per unit energy between energies ei

and ei+1. The energies may be in either ascending or descending order. Note the
presence of the final extra energy value, en+1. COG first chooses an energy group and

then chooses a specific energy by uniformly sampling between the bin boundaries.
Outside of the specified bins, the source is zero.

The plot shown below is an energy graphic of BIN data. IMPORTANCE is drawn as
a dotted line; the plotted points are the source samples chosen from the
IMPORTANCE-weighted energy spectrum.
(See Source LINE ENERGY Specification for ENERGY importance-spec
description).

Default: Energy units are MeV unless otherwise specified in the BASIC Data
Block.
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`74Example of a neutron BIN source. The average number of neutrons per unit
energy is 1 between 2 and 8 MeV, 2 between 8 and 14 MeV, and 0 everywhere else.

DEFINE ENERGY 1
NEUTRON BIN 2. 1.  8. 2.  14.
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Source TIME Dependence
The definition of a TIME-dependent source specification is started with:

DEFINE  

† 

TIME
T

È 

Î 
Í 

˘ 

˚ 
˙ =  td#

where:

td# is any positive integer chosen by the user to identify this TIME definition.

Unlike the POSITION-dependent source and the ENERGY-dependent source, a
TIME-dependent source DEFINITION is optional.

You will need a DEFINE TIME definition for each different TIME-dependence in
your problem.

Default Units: Time units are seconds unless specified otherwise in the BASIC
Data Block.

Default Dependence: If not specified, the TIME dependence will be a delta function
at time = 0.

Note that negative times are perfectly legal, since the zero point for time is entirely
arbitrary.

Time-Independent Sources: The question sometimes arises as to the proper
specification of a source for a time-independent problem. Because COG is a time-
dependent transport code, each particle has a time associated with every event in its
transport history, from particle birth at the source, to particle scoring at the detector.
However, you can choose to suppress the time dimension in the problem output if you
wish.

If you are just interested in computing the total probability that a source particle will
cause a score in your detector, independent of time, then you can omit the time-
dependence from your INCREMENT statements. COG will use the default delta
function at time = 0 for all source particles. All detector results will be normalized to
results per source particle emitted.

If your problem is time-independent because your sources are steady, then you might
want to use the STEADY STATE option. All detector results will be normalized to
results per unit time.
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Source TIME Graphics
As for the POSITION-dependent source specification, COG makes a plot of the
specified TIME-dependent source. Note that the chosen points include any
IMPORTANCE specification.
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DELTA Function Time Source
A delta function time distribution causes all particles to be born at one specified time.
The input specification is

DELTA  t0

where t0 is the time of "birth" for all particles.

Default Units: Time units are seconds unless specified otherwise in the BASIC
Data Block.

Example: Define a TIME-dependent source corresponding to a DELTA FUNCTION
at –1.2X10-8 seconds.

DEFINE TIME 1
DELTA -1.2E-8
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PULSE Time Source
For the case where the TIME-dependent source can be represented as a series of one
or more pulses, use:

PULSE  t1 t2 … tn  s1 s2 … sn

                       

† 

IMPORTANCE
IMP

I

È 

Î 

Í 
Í 
Í 

˘ 

˚ 

˙ 
˙ 
˙ 

importance - spec
Ï 

Ì 
Ô 

Ó 
Ô 

¸ 

˝ 
Ô 

˛ 
Ô 

where a pulse of relative intensity s1 occurs at t1, etc.

Note that all the time values occur first followed by their respective relative
intensities. (This allows the use of the shortcut 'repeat' or 'interpolate' options). The
IMPORTANCE, if any, is entered as usual.

The optional importance-spec is a distribution which specifies the relative importance
of the source over a set of times. It has two forms:

              t1  i1    t2  i2    t3  i3   . . . tn in

           or  t1  i1    t2  i2    t3  i3   . . . tn in  tn+1

In the first form, Linearly-interpolated Distribution, importance is given as i1 at time
t1 and varies linearly to i2 at time t2, etc., and reaches in at time tn.

In the second form, Histogram Distribution, the importance is constant at a value of
i1 between energies t1 and t2, at i2 between t2,and t3, and at in between tn and tn+1.

Note that the Histogram form requires one more value of t than the Linearly-
interpolated form.

See: Source IMPORTANCEs for more discussion on the purpose and use of
IMPORTANCES.

Default Units: Time units are seconds unless specified otherwise in the BASIC
Data Block.

Example: Define a TIME-dependent PULSE SOURCE corresponding to 100 equal
pulses starting at 0 seconds and ending at 1 second. In this example, we make use of
the interpolation notation and the repeat notation. See Input Notation Shortcuts in
the Introduction.

DEFINE TIME 3
PULSE  100 [0. I 1.]  100 [1.]
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GAUSSIAN Time Source
A GAUSSIAN time distribution can be simulated by specifying:

GAUSSIAN t0  w    
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where t0 is the time of maximum source strength and w is the full width at half the

maximum amplitude. This is simulated by the code by internally generating a 201
point distribution extending in time from t0 - 2w to t0 + 2w.

(See Source TIME-PULSE specification for TIME importance-spec description).

Default Units: Time units are seconds unless specified otherwise in the BASIC
Data Block.

Example: Define a GAUSSIAN TIME-dependent source centered at 0 with a FWHM
of 7X10-9 seconds.

DEFINE T 2
GAUSSIAN 0.    7.0E-9
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Point-Wise Time DISTRIBUTION
A complete point-wise TIME DISTRIBUTION may be given by specifying

DISTRIBUTION t1 s1   t2 s2  t3 s3  . . .
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where the s values represent the relative source per unit time. It is assumed that a
linear fit between adjacent time points accurately describes the distribution. The times
may be in either ascending or descending order. Outside of the specified time range,
the source is zero.

(See Source TIME-PULSE specification for TIME importance-spec description).

Default Units: Time units are seconds unless specified otherwise in the BASIC
Data Block.

Example: Define a point-wise TIME-dependent source DISTRIBUTION which is 0
below –1X10-8, rises linearly to 1 at 0, and decreases linearly back to 0 at 1X10-8.

DEFINE TIME 1
DISTRIBUTION -1.E-8 0.  0. 1.  1.E-8 0.
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BIN Time Source
A BIN TIME source known only by averages within a given time bin (i.e. a
histogram) may be specified by

BIN t1 s1    t2 s2   t3 s3  . . .  tn sn  tn+1
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where the s values are the average source per unit time within each time bin. The
times may be either in ascending or descending order. Note the presence of the final
extra time value, tn+1. COG first chooses a time bin and then chooses a specific time

by uniformly sampling between the bin boundaries. Outside of the specified bins, the
source is zero.

(See Source TIME-PULSE specification for TIME importance-spec description).

Default Units: Time units are seconds unless specified otherwise in the BASIC
Data Block.

Example: Define a BIN TIME-dependent source distribution which is 0 below –5X10-

9, 1 between –5X10-9 and 5X10-9, and 0 above 5X10-9.

DEFINE TIME 3
BIN -5.E-9 1. 5E-9
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STEADY State Time Source
A steady-state source, one with a constant source strength per unit time over all time,
is specified by:

STEADY

Note: If STEADY is chosen for any source INCREMENT, then it must be used for
all source INCREMENTS.

Note: STEADY causes detector results to be reported in terms of results per unit
time, rather than in terms of results per source particle, which is the default
calculation.

Default Units: Time units are seconds unless specified otherwise in the BASIC
Data Block.

Example: Define a STEADY-state TIME-dependent source:

DEFINE TIME 3
STEADY
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Source ANGLE Dependence
The ANGLE dependence of the source determines the emission directions of the
source particles. The ANGLE-dependent source specifies a direction (vector),
whereas the POSITION-dependent source specifies a source location in three-space.

The ANGLE dependence of a source means the relative number of particles to be
emitted, as a function of the angle between the emission direction and user-specified
reference direction(s).

The polar reference direction is given in terms of its direction cosines:

(upr, vpr, wpr)

where:

upr = Cosine of the angle between a vector parallel to the +x direction and the polar

reference direction;

vpr = Cosine of the angle between a vector parallel to the +y direction and the polar

reference direction; and

wpr = Cosine of the angle between a vector parallel to the +z direction and the polar

reference direction.

The direction cosines satisfy the normalization condition:

upr2 + vpr2 + wpr2 = 1

The polar angle q between the emission direction of a source particle (given by the
particle's direction cosines: (u, v, w) ) and the polar reference direction is then:

m = cos(q) = u*upr + v*vpr + w*wpr

In the typical (and simplest) case, the polar angle completely characterizes the
ANGLE-dependent SOURCE. For more complex cases, it may be necessary to also
specify an azimuthal ANGLE dependence in the plane normal to the polar reference
direction.

The azimuthal reference direction is given, as for the polar reference direction, in
terms of its direction cosines: (uar, var, war).
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The DEFINITION of an ANGLE-dependent SOURCE specification is started with:

 DEFINE ÎÍ
È

˚̇
˘ANGLE

A   = ad#  

Î
Í
Í
È

˚
˙
˙
˘upr vpr wpr {uar var war}

NORMAL {uar var war}

POINT  x y z

 (none)

 

where:

ad# is any positive integer chosen by the user to identify this definition;

The reference-spec is the bracketed fields following the ad#. It specifies the polar
(and perhaps azimuthal) reference directions for this ANGLE-dependent source
definition.

reference-spec OPTION 1:     upr vpr wpr {uar var war}

upr vpr wpr are the direction cosines of the polar reference direction;

uar var war are the direction cosines of the azimuthal reference direction, if needed.

reference-spec OPTION 2:    NORMAL {uar var war}

NORMAL specifies that the polar reference direction is taken to be along the
outward normal to the surface source, at the point of emission. This is only allowed
for Surface-type POSITION–dependent SOURCES.

uar var war are the direction cosines of the azimuthal reference direction, if needed.

This is only allowed for planar Surface-type POSITION-dependent SOURCES.

reference-spec OPTION 3:     POINT x y z

POINT specifies that the polar reference direction is taken to be from the point of
emission towards the fixed point in space (x y z).

reference-spec OPTION 4:     (none specified)

If none of the preceding options for specifying reference directions appears following
the ad#, COG chooses (0,0,1), the z-direction, as the polar reference direction.

These options are followed by a user-specified distribution in cosq, and azimuthal
angle f, if needed.

Unlike the POSITION-dependent source and the ENERGY-dependent source, an
ANGLE-dependent source DEFINITION is optional.

Default: ISOTROPIC emission is chosen if no ANGLE specification is given.
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This statement is followed by the data for one of the six ANGLE-dependence types

listed below. You will need a DEFINE ANGLE definition for each different angle-

dependence in your problem.
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Source ANGLE Graphics
COG generates plots of each problem's ANGLE dependence. An example is shown
below.

Example: We begin by defining an ISOTROPIC ANGLE-dependent source. Then by
IMPORTANCE-weighting, the source becomes a cone-shaped beam in the +y
direction, of half-angle 22.5 degrees. Note that we ask for some samples in the back-
angle direction, but we most heavily sample the forward cone, which we expect to
provide all the scoring particles for this problem. The requested source angular
IMPORTANCE is 0.001 from 180 to 31.8 degrees, rises linearly to 1.0 at 22.5
degrees, and stays at 1.0 to 0.0 degrees.

DEFINE ANGLE = 2 $ CALL THIS ANGLE-DEPENDENT SOURCE #2
  0. 1. 0.       $ POLAR REFERENCE DIRECTION IS +Y AXIS
  ISOTROPIC      $ BASIC ANGULAR DEPENDENCE IS ISOTROPIC
  IMPORTANCE -1. 0.001   0.85  0.001  .9239 1.  1. 1.
    $ SAMPLE ALL ANGULAR SPACE, BUT MOST DENSELY SAMPLE  A 22.5
    $  DEG CONE [COS(22.5) = 0.9239]
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FIXED Direction Angle Source
All particles may be emitted along the polar reference direction by specifying:

   FIXED

If the first reference-spec option is used (upr vpr wpr), all particles are emitted in this

polar reference direction. This is sometimes referred to as a beam source.

If the second reference-spec option is used (NORMAL), each particle will start its
trajectory along the outward-directed normal to the surface specified by the
POSITION-dependent SOURCE.

If the third reference-spec option is used (POINT x y z), each particle will be emitted
toward the specified point in space.

An IMPORTANCE function is not needed with this ANGLE-dependent source type
since all particles start in the same direction.

Note: Depending on the POSITION-dependent source used with this ANGLE-
dependent source, DETECTORs of the POINT type may not receive the uncollided
contribution from the source. The user should check the COG output file to be sure
that the uncollided contribution has been calculated.

All angles are specified in terms of the angle's cosine.

Example: Define an ANGLE-dependent source which is fixed in the +z direction.

DEFINE ANGLE 1
0. 0. 1.  FIXED
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ISOTROPIC Angle Source
An ISOTROPIC distribution is probably the most commonly used of all the source
angular distributions. It is specified by:

ISOTROPIC     
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If no IMPORTANCE is given, the reference-spec has no effect on this distribution.

The optional angle importance-spec is a distribution which specifies the relative
importance of the angular source over a set of angles. It has two forms:

              m1  i1    m2  i2   m3  i3  . . . m n in

           or  m1  i1    m2  i2   m3  i3  . . .  mn in  m n+1 in+1

In the first form, Linearly-interpolated Distribution, importance is given as i1 at

cosine of angle m1 and varies linearly to i2 at cosine of angle m2 etc., and reaches in at

cosine of angle mn.

In the second form, Histogram Distribution, the importance is constant at a value of
i1 between cosine of angle m1 and m2  at i2 between cosine of angle m2 and m3, etc.,

and at in between cosine of angle mn and mn+1. Note that the Histogram form requires
one more value of m than the Linearly-interpolated form. The reference direction for

the IMPORTANCE specification is the same as that given for the distribution.  

Example: Define an ANGLE- dependent source which is ISOTROPIC but confined to
the +x half-space by the IMPORTANCE specification.

DEFINE ANGLE 2 $ LABEL THIS ANGLE DEFINITION #2
   1. 0. 0.    $ POLAR REFERENCE DIRECTION IS IN +X
ISOTROPIC      $ BASIC ANGULAR DEPENDENCE IS
                 $ISOTROPIC
IMP  0. 1.  1. 1. $ IMPORTANCE IS UNITY FROM 90 TO 0
                  $DEGREES, AND ZERO ELSEWHERE
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Point-Wise DISTRIBUTION in Polar Angle m
A complete point-wise DISTRIBUTION in m, the cosine of the angle between the
particle emission direction and the polar reference direction, may be given by
specifying:

DISTRIBUTION m1  s1  m2  s2  m3  s3 . . . m n sn   
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where the s values represent the relative source intensity per steradian at the
preceding value of m. It is assumed that a linear fit between adjacent points accurately
describes the distribution. The m values may be in either increasing or decreasing
order. Outside of the specified m range, the source is zero.

(See ISOTROPIC specification for ANGLE importance-spec description).

All angles are specified by the cosine of the angle.

Example: Define an ANGLE dependence which is uniform in a cone between 0o and
26o centered on the +Y axis. [cos 0° =1, cos 26° = .8944]

DEFINE A 3  $ LABEL THIS ANGLE DEPENDENCE #3
0. 1. 0.    $ POLAR REFERENCE IS THE +Y DIRECTION
DISTRIBUTION 1. 1.  0.8944 1. $ SPECIFY CONE OF HALF-
                              $  ANGLE 26 DEGREES
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BIN Angle Source in Polar Angle m
A BIN distribution of the angular source strength, which is known only by average
values within a specific bin structure, may be specified by

   

† 
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BIN
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The s values are the average relative values of the source intensity per steradian
within each bin and the bins may be specified as in either ascending or descending
order of m. Note the presence of the final extra angle value, mn+1. When choosing a

cosine from this distribution, COG first randomly chooses a bin and then picks a
value of m uniformly within the bin boundaries. The source is zero outside of the

specified bin structure.

(See ISOTROPIC specification for ANGLE importance-spec description).

All angles are specified by the cosine of the angle.

Example: Define an ANGLE-dependent SOURCE which is uniform in a cone of half-
angle 26o, centered about the direction halfway between the +y and +z axes.

DEFINE ANGLE 1  $ LABEL THIS ANGLE DEPENDENCE #1
0. 0.707  0.707 $ POLAR REFERENCE IS BETWEEN +Y,+Z
                $  DIRECTION
BIN  1. 1. 0.8988 $INTENSITY IS UNITY BETWEEN 0 AND 26
                   $   DEGREES, AND ZERO ELSEWHERE
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GENERAL Angle Bins in m and f
For a complete description of an ANGLE source in both the cosine of the polar angle
m, and in the azimuthal angle f, specify the following table:

GENERAL min–m1  max–m1   min–f1  max–f1    s1
min–m2  max–m2  min–f2  max–f2    s2
…         …         …         …         …
min–mn  max–mn  min–fn  max–fn    sn
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The s values are the average relative values of the source per steradian within the
specified bins, while the minimum and maximum angular values define the bin.
Azimuthal angle f is specified in degrees. Bins must not overlap, but the set of all
specified bins need not cover all of angular space. Those unspecified regions will be
considered to have zero source strength. COG makes a random choice of a BIN,
based on source strength and importance, then chooses the values of m and f by
picking uniformly within the BIN boundaries.

Note that the IMPORTANCE is specified by giving the average value within each
BIN.

Since the reference-spec OPTION 3, POINT x y z, does not allow for a azimuthal
reference direction, it can not be used for GENERAL BINS.

Example: Define a GENERAL BINS ANGLE-dependent source with user-specified
bins. The reference direction for m is the +x axis, that for f is the +y axis.

DEFINE A 3 $ LABEL THIS ANGLE DEPENDENCE #3
1. 0. 0.  $ POLAR REFERENCE IS THE +X DIRECTION
0. 1. 0.  $ AZIMUTHAL REFERENCE IS THE +Y DIRECTION
GENERAL
-1. 0.    0.  90.   9. $ min-m1 max–m1  min–f1  max–f1  s1
-1. 0.   90. 180.   5.
-1. 0.  180. 270.   3.
-1. 0.  270. 360.   1.
 0. 1.    0.  90.  90.
 0. 1.   90. 180.  50.
 0. 1.  180. 270.  30.
 0. 1.  270. 360.  10.
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COG Standard Double-Angle Bin Structure
Needless to say, double-angle bins can be difficult to specify just because of the mass
of data required. To simplify this problem, COG has established a standard bin
structure which generates double-angle bins with equal solid angles. These can be
used both here in the SOURCE angle definitions and also in the DETECTOR
specifications. Thus, the results of a COG problem (the DETECTOR scores in angle
bins) can more easily be input to a subsequent COG problem as a source bin
structure. To specify this form use:

GENERAL    N = n     s1  s2  s3  …  sm
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The value of n determines the complexity of the bin structure. There will be a total of
m = 4n(n +1) BINS.

 As above, the sj are the user-supplied source strengths for these BINS. The output

from a sample problem, shown below, illustrates the structure for n = 2 and shows the
COG ANGLE-dependent source picture for this case. When you want to run a
problem using this feature, we advise that you try a quick run and print out the
boundaries for cases that might interest you. It is easy to get so many BINS that they
are almost unusable.

Example: Define a GENERAL BINS ANGLE-dependent source using the COG-
supplied bin structure of order 2 (this generates 24 bins). The reference direction for
m is the +z axis, that for f is the +x axis.

DEFINE A 3
0. 0. 1. $ POLAR REFERENCE IS THE +Z DIRECTION
1. 0. 0. $ AZIMUTHAL REFERENCE IS THE +x DIRECTION
GENERAL N = 2 $ ASK FOR THE COG BIN STRUCTURE OF ORDER 2
4. 2. 4. 10. 6. 4. 2. 4. 6. 8. 10. 9.
4. 6. 8. 10. 9. 6. 4. 2. 10. 4. 2. 4.
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This definition results in the following bin structure, as listed in the COG output file:

SOURCE--ANGLE: DEFINITION OF DESCRIPTION    3
REFERENCE DIRECTION FOR POLAR ANGLE IS GIVEN BY
U =   .0000E+00  V =   .0000E+00  W =  1.0000E+00
REFERENCE DIRECTION FOR AZIMUTHAL ANGLE IS GIVEN BY
U =  1.0000E+00  V =   .0000E+00  W =   .0000E+00

GENERAL N =  2

MU-MIN MU-MAX PHI-MIN PHI-MAX SOURCE IMPORTANCE
1.0000E+00 6.6667E-01 .0000E+00 9.0000E+01 4.0000E+00 1.0000E+00
1.0000E+00 6.6667E-01 9.0000E+01 1.8000E+02 2.0000E+00 1.0000E+00
1.0000E+00 6.6667E-01 1.8000E+02 2.7000E+02 4.0000E+00 1.0000E+00
1.0000E+00 6.6667E-01 2.7000E+02 3.6000E+02 1.0000E+01 1.0000E+00
6.6667E-01 .0000E+00 .0000E+00 4.5000E+01 6.0000E+00 1.0000E+00
6.6667E-01 .0000E+00 4.5000E+01 9.0000E+01 4.0000E+00 1.0000E+00
6.6667E-01 .0000E+00 9.0000E+01 1.3500E+02 2.0000E+00 1.0000E+00
6.6667E-01 .0000E+00 1.3500E+02 1.8000E+02 4.0000E+00 1.0000E+00
6.6667E-01 .0000E+00 1.8000E+02 2.2500E+02 6.0000E+00 1.0000E+00
6.6667E-01 .0000E+00 2.2500E+02 2.7000E+02 8.0000E+00 1.0000E+00
6.6667E-01 .0000E+00 2.7000E+02 3.1500E+02 1.0000E+01 1.0000E+00
6.6667E-01 .0000E+00 3.1500E+02 3.6000E+02 9.0000E+00 1.0000E+00
.0000E+00 -6.6667E-01 .0000E+00 4.5000E+01 4.0000E+00 1.0000E+00
.0000E+00 -6.6667E-01 4.5000E+01 9.0000E+01 6.0000E+00 1.0000E+00
.0000E+00 -6.6667E-01 9.0000E+01 1.3500E+02 8.0000E+00 1.0000E+00
.0000E+00 -6.6667E-01 1.3500E+02 1.8000E+02 1.0000E+01 1.0000E+00
.0000E+00 -6.6667E-01 1.8000E+02 2.2500E+02 9.0000E+00 1.0000E+00
.0000E+00 -6.6667E-01 2.2500E+02 2.7000E+02 6.0000E+00 1.0000E+00
.0000E+00 -6.6667E-01 2.7000E+02 3.1500E+02 4.0000E+00 1.0000E+00
.0000E+00 -6.6667E-01 3.1500E+02 3.6000E+02 2.0000E+00 1.0000E+00

-6.6667E-01 -1.0000E+00 .0000E+00 9.0000E+01 1.0000E+01 1.0000E+00
-6.6667E-01 -1.0000E+00 9.0000E+01 1.8000E+02 4.0000E+00 1.0000E+00
-6.6667E-01 -1.0000E+00 1.8000E+02 2.7000E+02 2.0000E+00 1.0000E+00
-6.6667E-01 -1.0000E+00 2.7000E+02 3.6000E+02 4.0000E+00 1.0000E+00
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This graphic depicts the source bins for the GENERAL n=2 bin structure.
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SOURCE-PATH Option
In some problems, the particle flux at the detector comes mostly from particles which
have scattered into the detector from certain limited regions of the geometry. These
scattering regions may be so small or transparent to radiation that few source particles
interact there. Thus the number of scoring particles is very small, and the problem
would have to be run a very long time to get a reasonably good answer.

The SOURCE-PATH option is a method for forcing source particles to collide in the
important scattering regions, and thereby increase the number of scoring particles.
COG will calculate the uncollided particle flux from the source at randomly-chosen
points within the specified scattering volumes. COG forces collisions to occur at
these points, and the particles emerging from the collision sites form the source which
will be used for the transport random walk.

We illustrate this method with the following example, a simple case where this
method can be used to advantage. We have a slab shield with a small cylindrical hole
running through it, and a detector at the back side of the hole. Our source is on the
front side of the slab but not in line with the hole.

•

•source

detector

shield
•

If the shield is thick, essentially all of the particles which arrive at the detector will
first scatter one or more times in the shield. The major detector flux contribution
comes from source particles which first collide in a small cylindrical annulus around
the hole (shown by dashed lines), then scatter into the detector. In the SOURCE-
PATH option, we specify the cylindrical annulus as a first-collision volume, and
COG will use the forced first-collision sites in this volume as the source for the
problem's random walk.

The SOURCE-PATH method can handle more complicated cases where the major
detector contribution comes from second-collision or third-collision sources. We can
complicate our first example by moving the detector away from the hole, and placing
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an ellipsoidal scatterer in its place. In this SOURCE-PATH problem we need to
specify the cylindrical annulus as a first-collision volume, and the ellipsoidal

scatterer as a second-collisionvolume. 

•source

• detector

shield

scatterer

•

In this case COG proceeds as before in computing first-collision sites in the annulus.
It then computes collision sites in the ellipsoidal scatterer for particles emerging from
the forced first collisions in the annulus. The random walk transport will start with the
particles emerging from the ellipsoidal second-collision volume.

Examples involving a third-collision volume can be imagined.

When SOURCE-PATH is used, the only scores in your detector come from the
collision volumes you specify. Pieces of your geometry not specified to COG under
this option will not be sampled. Therefore you must be careful to specify all the
important paths by which particles can reach your detector, and all the collision
volumes. Each path may have zero, one, two, or three collision volumes. The physical
source must also be specified. If you omit a significant path, you will get a result
which is too small. If you define two or more paths which contain identical
overlapping pieces, you will get double-counting and a result which is too high. If
there are too many paths to easily define them all, you should probably not use this 
method. To activate the SOURCE-PATH option, insert this block of data: 
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SOURCE–PATH

PATH pid#  {V1 = cv1#} {V2 = cv2#} {V3 = cv3#}

                                             {I = i}

PATH pid#      . . .

. . .

DEFINE VOLUME vid#    

† 

BOX...
CYLINDER...

CONE...
SPHERE...

È 

Î 

Í 
Í 
Í 
Í 

˘ 

˚ 

˙ 
˙ 
˙ 
˙ 

DEFINE VOLUME vid#  . . .

DEFINE VOLUME vid#  . . .
. . .

Where:

pid# is an integer assigned by the user to a given path. Its only purpose is to help the
user to keep track of the paths;

V1 is a keyword indicating that a collision volume number follows for the first-
collision volume in the path; cv1# is the user-assigned collision volume number
which identifies the VOLUME DEFINITION to be used as the first-collision volume
in this path. If no second- or third-collision volumes are specified, COG will start the
random walk from this first-collision source.

Default: If no collision volumes are specified (i.e., if the PATH statement has no Vn
= data), then the source for this PATH will be the normal source as specified by the
SOURCE Data Block.

V2 is a keyword indicating that a collision volume number follows for the second-
collision volume in the path. cv2# is the user-assigned collision volume number
which identifies the VOLUME DEFINITION to be used as the second-collision
volume in this path. If no third-collision volume is specified, COG will start the
random walk from this second-collision source. Note: There must be a first-collision
volume defined for this path.
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V3 is a keyword indicating that a collision volume number follows for the third-
collision volume in the path. cv3# is the user-assigned collision volume number
which identifies the VOLUME DEFINITION to be used as the third-collision
volume in this path. COG will start the random walk from this third-collision source.

Note: There must be a first-collision volume and a second-collision volume defined
for this path.

i is the IMPORTANCE of this PATH relative to the other defined paths. The
frequency with which COG samples any of the various defined PATHS is
proportional to the PATH IMPORTANCE.

Default:  i = 1.0.

vid# is a positive integer used to identify the following collision volume
DEFINITION. vid# must be one of the cvn# used in the PATH specifications. The
entire set of DEFINE VOLUME vid#s must contain all the cvn#s mentioned in all
the PATH statements.

BOX . . ., CYLINDER . . ., CONE . . ., and SPHERE . . . are the keywords to
specify the collision volumes and are identical to those given for volume sources in
the section Position Dependence of the SOURCE. Alternate names, such as SPH and
S for the sphere, are allowed. One can also restrict the collision volume to a given
material or region number, as described in the section Arbitrary Volume Source.

Example: A simple SOURCE-PATH with one path and one first-collision volume in
the path. The volume is a cylinder of radius 3, with axis along the +x axis, and
bounded by planes at x = 234 and 240.

SOURCE-PATH
PATH 1  V1=5
DEFINE VOLUME 5
CYLINDER 234. 0. 0.  240. 0. 0.  3.
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Example: A more complex SOURCE-PATH specification with two paths. Path 1 is
defaulted to the normal COG source. Path 2 has first- and second-collision volume
sources. Volume 5 is a cylinder of radius 3, with axis along the +x axis, and bounded
by planes at x = 234 and 240. Volume 10 is a sphere of radius 0.1, located at
(237.,0.,10.).

SOURCE-PATH
PATH 1  IMP = 1. $ USE NORMAL COG SOURCE
PATH 2  V1=5  V2=10  IMP = 2. $ PATH WITH A FIRST-
                    $ COLLISION AND A SECOND-COLLISION
                    $ VOLUME SOURCE
DEFINE VOLUME 5
CYLINDER 234. 0.  0.  240. 0. 0.  3.
DEFINE VOLUME 10
SPHERE   237. 0. 10.  0.1
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USRSOR – User-Defined Source Option
The USRSOR feature allows the user to generate a special source via a user-written
subroutine or set of subroutines. This feature allows the use of much more
complicated sources than that permitted by the standard COG source options. For
example, one could generate an energy-angle correlated source, or read in a source
created by some other code.

Like the USRDET user-specified detector, the user’s USRSOR Fortran or C routines
must be separately compiled and placed in a runtime (shared) library  (named
“COGUserlib.sl” on the HP and “COGUserlib.so” on all other platforms), which will
be loaded by COG at problem run time. When a USRSOR is specified, all source
particles will come from the user’s source routine, and none from the standard COG
source types.

The USRSOR line must immediately follow the NPART line in the SOURCE Block.
It has the form:

        USRSOR subname { arg1 arg2 ...} { FILE filename }

where:

 subname is the name of the Fortran or C subroutine you are providing to generate the
source;

arg1 arg2 ... are the (optional) arguments you need to specify the source parameters
to your routine (limit of 20);

FILE filename optionally specifies a filename to your source routine, perhaps to
identify an input or output file needed by your routine.

Example: This COG Source Block specifies a user-defined source named IsoP, a
simple isotropic point source.

SOURCE
 NPART = 10000
$       NAME TYPE   STRENGTH  X  Y  Z   E  T
 USRSOR ISOP PHOTON    1.     0. 0. 0. 10. 0.
           FILE FILE1
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Here IsoP is the name of the user subroutine,and the arguments in this case are:

 photon   : Sets particle type;

 1.       : Specifies source (increment) strength;

 0. 0. 0. : Position coordinates of point source;

 10.      : Energy of each source photon (MeV);

 0.       : Age of particle at time of emission.

 FILE file1 : optionally specifies the file 'file1' for use by IsoP.

COG does not interpret the arguments but merely gathers them up into two arrays of

ASCII values (character*8) and their corresponding real (real*8) values, and passes

them into your routine (here IsoP).

See the USRSOR directory in the COG distribution for instructions on preparing a
USRSOR. A working example is provided.
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CENSUS Source File Option
A census file can be produced for any Boundary-Crossing detector in a problem by
having the keyword CENSUS in the detector definition:

  BOUNDARY {COUNTS} CENSUS reg-ID#1  reg-ID#2  area

(See the Detector Data Block for a complete description of detector definitions).
This produces a file named:

inputfile.detname.census

A CENSUS file contains the particle parameters for each scoring particle, including
position, direction, age, weight, energy, cos(theta) wrt boundary normal, particle type,
source particle number, and # of collisions. The particles are subject to all detector
masks specified. The file is written in text mode so that it can be edited if desired.

This feature permits the user to run a complex shielding calculation in stages, using a
different set of biasing options for each stage. For example, in the first calculation
particles might be directed towards a scattering center and those reaching the center
saved into a CENSUS file. In a subsequent calculation, those CENSUS particles
could be used as a secondary source of particles which are biased towards a remote
detector.

Another use of the CENSUS file is to permit post-processing of scoring particles.

To use a CENSUS file as a source for a subsequent COG run, use this line after the
NPART line in the SOURCE Data Block:

  CENSUS source-strength {STEADY} FILE filename

where:

source-strength is the source intensity to be used (same as the INCREMENT source-
strength);

STEADY indicates that the source is a steady-state source.

filename is the name of the previously-written detector CENSUS file.

The number of particles run will be the number of particles in the file, or NPART,
whichever is less.

All other normal source descriptions in the Data Block will be ignored.
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Example: This COG Source Block specifies a CENSUS source file named
IN1.DET1.CENSUS.

SOURCE
 NPART = 10000
 CENSUS  1.0 FILE IN1.DET1.CENSUS
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Source Examples
This section contains a series of examples. Each example represents a complete
SOURCE description. COG input is basically form-free, but you are advised to adopt
conventions which are consistent and easy for you to read and understand. The
examples presented below are in "standard" example style (all capitals) used
throughout this manual.

Example 1: In this two-part example, we show alternate methods of constructing an
angle-limited source. This also serves to illustrate the power of IMPORTANCEs for
biasing a source (to increase running efficiency) without biasing detector scores.

In this problem, we model an isotropically-emitting source. We assume we know that
only particles emitted in a 22.5 degree cone towards our detector will score; all
others are absorbed by shielding or leave the problem without interacting. So in
order to run the problem more efficiently, we will restrict source emission to this
scoring cone. In both cases, we emit from a spherical volume of radius 0.25, centered
at (0,73.720,0), with a triangular spectrum peaking at 0.025 MeV. The center of the
scoring cone is along the -y direction, which we designate as the POLAR
REFERENCE direction for the problem. The units of the problem are set to
millimeters in the BASIC Data Block (not shown); default energy units of MeV and
time units of seconds are assumed. No TIME-dependence of the source is specified—
so the default delta-function at t=0 is used.

Example 1.1: In this first part of the example, we will simply restrict emission to the
scoring cone, by specifying a source angle DISTRIBUTION in polar angle, measured
from the POLAR REFERENCE direction (the -y direction). The angular
DISTRIBUTION is 0 from 180 to 22.5 degrees, then jumps to 1 and stays at 1 to 0
degrees.
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  -----Input File for Example 1.1---------------
SOURCE                                                                    
 NPARTICLES = 1000000                                                     
  DEFINE  POSITION = 1                                                    
    SPHERE  0. 73.720 0.   .25  $ SPHERE VOLUME SOURCE                    
  DEFINE ANGLE = 1
   0. -1. 0.          $ POLAR REFERENCE DIRECTION IS -Y
   DISTRIBUTION -1. 0. 0.9238 0. 0.9239 1. 1. 1.$ EMIT INTO
                                 $ 22.5 DEGREE CONE
  DEFINE ENERGY = 1 PHOTON       $ PHOTON ENERGY SOURCE                   
   DISTRIBUTION 0. 0.  .025 1.0  .06 0. $ TRIANGULAR
                      $ SPECTRUM, PEAKING AT 0.025 MEV, AND
                      $ ZERO BEYOND 0.06 MEV                              

INCREMENT 1.0  P=1 E=1 A=1

-----Output Listing for Example 1.1---------------
AVERAGE SOURCE PARAMETERS
          MINIMUM          MAXIMUM          AVERAGE
 PHOTON  
     X   -2.4953E-01       2.4921E-01       1.2681E-04  MM       
     Y    7.3470E+01       7.3970E+01       7.3720E+01  MM       
     Z   -2.4899E-01       2.4961E-01      -1.9763E-04  MM       
     U   -3.8250E-01       3.8272E-01      -4.9314E-05           
     V   -1.0000E+00      -9.2380E-01      -9.6187E-01           
     W   -3.8259E-01       3.8267E-01      -7.4482E-04           
     T     .0000E+00        .0000E+00        .0000E+00  SEC      
     E    9.0694E-05       5.9912E-02       2.8347E-02  MEV      
    WT    1.0000E+00       1.0000E+00       1.0000E+00

Note that the average source position of emitted particles is close to (0.,73.720,0.), the
source center, and no points are outside of the specified source. The direction cosines
(u, v, w) show that the emitted particles are confined to the scoring cone, as specified.

Note: Detector scores will have to be hand-corrected by the user to compensate
for the anisotropic bias of this source. The scores are not what you would get if
an isotropically-emitting source had been used.

The source energy has an average of .028 MeV—about as expected for the triangular
energy distribution of the source. The particle weights are uniform.

Example 1.2: In this second part of the example, we use IMPORTANCEs to bias the
ISOTROPIC source to emit predominately into the scoring cone (oriented in the -y
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direction from the source- the specified POLAR REFERENCE direction).  The
IMPORTANCE is specified to be 0.001 from 180 to 31.8 degrees, rises linearly to 1.0
at 22.5 degrees, and stays at 1.0 to 0.0 degrees.

  -----Input File for Example 1.2---------------
SOURCE
  NPARTICLES = 1000000
   DEFINE  POSITION = 1
    SPHERE  0. 73.720 0.   .25  $ SPHERE VOLUME SOURCE
   DEFINE ANGLE = 1
    0. -1. 0.          $ POLAR REFERENCE DIRECTION IS -Y

ISOTROPIC          $ BASIC ANGULAR SOURCE IS ISOTROPIC
   IMP -1.0  .001  0.85 .001 .9238 1.  1.0 1.0 $ IMPORTANCE:
                     $ SAMPLE DENSELY WITHIN 22.5 DEGREE CONE
   DEFINE ENERGY = 1 PHOTON   $ PHOTON ENERGY SOURCE
   DISTRIBUTION 0. 0.  .025 1.0  .06 0. $ TRIANGULAR
                      $ SPECTRUM, PEAKING AT 0.025 MEV, AND
                      $ ZERO BEYOND 0.06 MEV
  INCREMENT 1.0  P=1 E=1 A=1                                                                     

-----Output Listing for Example 1.2---------------
AVERAGE SOURCE PARAMETERS
          minimum       maximum        average
 photon
     x   -2.4987E-01    2.4956E-01    -1.0805E-03  mm
     y    7.3470E+01    7.3969E+01     7.3719E+01  mm
     z   -2.4979E-01    2.4987E-01     2.3880E-04  mm
     u   -9.9992E-01    9.9976E-01     5.1699E-03
     v   -1.0000E+00    9.9991E-01    -2.6929E-03
     w   -9.9999E-01    9.9996E-01    -4.1166E-03
     t     .0000E+00     .0000E+00      .0000E+00  sec
     E    2.1143E-05    5.9937E-02     2.8185E-02  MeV
    wt    5.7493E-02    5.7493E+01     9.8766E-01

The direction cosines of the emitted particles each vary from -1 to +1, with an
average of about zero. Note in particular that the average v (direction cosine in the y-
direction) is nearly zero, even though the great majority of particles were emitted into
the 22.5 degree scoring cone. The code has properly modified the weights of the
emitted particles so that the weighted source averages seen here are correct for the
isotropic source, and the detector scores will be correct also.
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Example 2: A three INCREMENT problem with three POSITION dependences (three
spherical shells) and two ENERGY dependences (two LINE spectra). The source
strengths for the three shells are 4.67X108, 8.46X108, and 1.74X106 respectively. The
INCREMENTs are IMPORTANCE-weighted in the ratio of 1, 10, and 100
respectively. For this problem, NPART = 900000.

The expected number of particles to be emitted by each of the three INCREMENTS is
obtained from the rule:

<Nj> = NPART 

Î
Í
È

˚
˙
˘

 
sj Ij 

Â
 

 sj Ij 

    

This gives: 46182, 836611, and 17207 respectively. The ANGLE dependence defaults
to isotropic and the TIME dependence defaults to a delta function at t=0.

SOURCE
NPART 900000
DEFINE POSITION 1
SPHERE 0. 0. 0.  4.75  1.58
DEFINE POSITION 2
SPHERE 0. 0. 0.  10.99  10.45
DEFINE POSITION 3
SPHERE 0. 0. 0.  13.85  13.59
DEFINE ENERGY 1
PHOTON LINE
143.786 8396.
163.379 3758.
185.739 42380.
205.333  3758.
345.921  30.39
387.874  30.39
390.32   31.99
766.412  1.6475
1001.  5.170

DEFINE ENERGY 2
PHOTON LINE
742.817  9.378
766.412  32.95
1001. 103.4
1737.8 2.259
1831.7 1.782

INC 4.67E8  P 1  E 1  I 1.
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INC 8.46E8  P 2  E 1  I 10.
INC 1.74E6  P 3  E 2  I 100.

Example 3: Here we handle a single physical source with a complex ENERGY
dependence by breaking it into two INCREMENTs, each with a simple energy
dependence. The source POSITION dependence for both INCREMENTS is that part
of a sphere, centered at (0.,0.,0.) with radius 0.0375, which contains material 6. We
specify two ENERGY dependences: first is the Co57 photon cascade, 0.1219 to
0.0144; second is the Co57 line at 0.1363. These are placed into separate
INCREMENTs which have source-strengths in the ratio of 0.89 to 0.11. Together
these form the desired total COG source. (The ANGLE and TIME dependences are
defaulted). Energy units default to MeV.

SOURCE
NPART 10000  $ EMIT 10000 PARTICLES
DEFINE POSITION 1
SPHERE 0. 0. 0.  0.0375  MAT 6 $ EMIT FROM SPHERE;
                               $ MATERIAL #6 ONLY.
DEFINE ENERGY 1
PHOTON CASCADE 0.1219 0.0144 1. 0. 0.
INC 0.89  P 1  E 1 $ INCREMENT 1 USES CASCADE SOURCE
DEFINE ENERGY 2
PHOTON LINE 0.1363 1.
INC 0.11  P 1  E 2  $ INCREMENT 2 USES LINE SOURCE
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Example 4: This is a one-INCREMENT problem. The POSITION dependence is a
SURFACE-type source in the shape of a parallelogram. The ENERGY dependence is
the 662 keV line source from Cs137 (The energy units have been set to keV in the
BASIC Data Block). The TIME dependence is STEADY STATE. The ANGLE
dependence is FIXED NORMAL to the plane of the parallelogram. The source
strength is 3.7X1010 photons per second.

SOURCE
NPART 100000
DEFINE POSITION 1
SS-PARALLELOGRAM
-0.3535 -0.4999  0.3535
 0.3535 -0.4999 -0.3535
 0.3535  0.4999 -0.3535
DEFINE ENERGY 1
PHOTON LINE 662. 1.
DEFINE TIME 1
STEADY
DEFINE ANGLE 1
NORMAL FIXED
INC 3.7E10  P 1  E 1  T 1  A 1

Example 5: This is a one-INCREMENT problem with a nominal source strength of 1.
The POSITION dependence is a POINT at (0.,0.,0.). The ENERGY dependence is
represented as binned neutron data with binned IMPORTANCES. The TIME
dependence is a GAUSSIAN centered at 0. with a width of 7X10-9. The ANGLE
dependence is defaulted.

SOURCE
NPART 20000
DEFINE POSITION 1
POINT 0. 0. 0.
DEFINE ENERGY 1
NEUTRON BIN 14.68 0.0819  13.54 0.0145  12.5 0.0091
            11.55 0.0084  9.67 0.0116  7.91 0.0244
            5.37 0.0605  4.7 0.1959  2.53 0.6304
            1.18 1.32  0.633
 IMPORTANCE 14.68 1.  13.54 0.9  12.5 0.4
            11.55 0.3  9.67 0.2  7.91 0.1
            5.37 0.1  4.7 0.1  2.53 0.05
            1.18 0.05  0.633
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DEFINE TIME 1
GAUSSIAN 0. 7.E-9
INC 1.  P 1  E 1  T 1

Example 6: There is a single increment with a nominal source strength of 1. The
POSITION dependence is the surface of a disk centered at (0.,0.,200.) with a radius
of 0.5; the normal is along the -Z axis. The ENERGY dependence is a uniform
spectral distribution from 0.5 to 12. The ANGLE dependence is uniform from 0o to
20o about the -Z axis; IMPORTANCES weight the angles about 0o more heavily. The
TIME dependence is defaulted.

SOURCE
NPART 5000000
DEFINE POSITION 1
SS-DISK 0. 0. 200.  0. 0. 0.  0.5
DEFINE ENERGY 1
NEUTRON BIN 0.5 1.  12.
DEFINE ANGLE 1
0. 0. -1.  BIN 1. 1.  0.94
IMP 1. 10.  0.99 8.  0.98 5.  0.97 3.  0.96 2.
    0.94
INC 1.  P 1  E 1

Example 7: A description of the differential energy distribution from a D,T neutron
source with an incident deuteron beam of 300 keV. This is an example of a source
which has a correlated energy-angle dependence, i.e. the energy and angle
dependencies are not separable. We approximate this correlation with a series of 20
ANGLE bins; in each ANGLE bin the ENERGY dependence is given as a bin with the
appropriate range. The POSITION dependence is a DISK centered at (0.,0.,0.),
normal to the +X axis, and with a radius of 0.3. There are 20 ANGLE bins and 20
corresponding ENERGY bins. The 20 INCREMENTS combine the corresponding
ANGLE and ENERGY bins with appropriate source strengths.

SOURCE
NPART 40000
DEFINE POSITION 1
SS-DISK 0. 0. 0.  1. 0. 0.  0.3
DEFINE ANGLE 1
1. 0. 0.  BIN 1. 1.  0.9877
DEFINE ANGLE 2
1. 0. 0.  BIN 0.9877 1.  0.9511
DEFINE ANGLE 3
1. 0. 0.  BIN 0.9511 1.  0.891
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DEFINE ANGLE 4
1. 0. 0.  BIN 0.891 1.  0.809
DEFINE ANGLE 5
1. 0. 0.  BIN 0.809 1.  0.7071
DEFINE ANGLE 6
1. 0. 0.  BIN 0.7071 1.  0.5878
DEFINE ANGLE 7
1. 0. 0.  BIN 0.5878 1.  0.454
DEFINE ANGLE 8
1. 0. 0.  BIN 0.454 1.  0.309
DEFINE ANGLE 9
1. 0. 0.  BIN 0.309 1.  0.1564
DEFINE ANGLE 10
1. 0. 0.  BIN 0.1564 1.  0.
DEFINE ANGLE 11
1. 0. 0.  BIN 0. 1.  -0.1564
DEFINE ANGLE 12
1. 0. 0.  BIN -0.1564 1.  -0.309
DEFINE ANGLE 13
1. 0. 0.  BIN -0.309 1.  -0.454
DEFINE ANGLE 14
1. 0. 0.  BIN -0.454 1.  -0.5878
DEFINE ANGLE 15
1. 0. 0.  BIN -0.5878 1.  -0.7071
DEFINE ANGLE 16
1. 0. 0.  BIN -0.7071 1.  -0.809
DEFINE ANGLE 17
1. 0. 0.  BIN -0.809 1.  -0.891
DEFINE ANGLE 18
1. 0. 0.  BIN -0.891 1.  -0.9511
DEFINE ANGLE 19
1. 0. 0.  BIN -0.9511 1.  -0.9877
DEFINE ANGLE 20
1. 0. 0.  BIN -0.9877 1.  -1.
DEFINE ENERGY 1
NEUTRON BIN 15.37048 1.  15.35482
DEFINE ENERGY 2
NEUTRON BIN 15.35482 1.  15.30831
DEFINE ENERGY 3
NEUTRON BIN 15.30831 1.  15.23236
DEFINE ENERGY 4
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NEUTRON BIN 15.23236 1.  15.12927
DEFINE ENERGY 5
NEUTRON BIN 15.12927 1.  15.0021
DEFINE ENERGY 6
NEUTRON BIN 15.0021 1.  14.85455
DEFINE ENERGY 7
NEUTRON BIN 14.85455 1.  14.69083
DEFINE ENERGY 8
NEUTRON BIN 14.69083 1.  14.51545
DEFINE ENERGY 9
NEUTRON BIN 14.51545 1.  14.33314
DEFINE ENERGY 10
NEUTRON BIN 14.33314 1.  14.14861
DEFINE ENERGY 11
NEUTRON BIN 14.14861 1.  13.96647
DEFINE ENERGY 12
NEUTRON BIN 13.96647 1.  13.7911
DEFINE ENERGY 13
NEUTRON BIN 13.7911 1.  13.62655
DEFINE ENERGY 14
NEUTRON BIN 13.62655 1.  13.47645
DEFINE ENERGY 15
NEUTRON BIN 13.47645 1.  13.34401
DEFINE ENERGY 16
NEUTRON BIN 13.34401 1.  13.23195
DEFINE ENERGY 17
NEUTRON BIN 13.23195 1.  13.1425
DEFINE ENERGY 18
NEUTRON BIN 13.1425 1.  13.07737

DEFINE ENERGY 19
NEUTRON BIN 13.07737 1.  13.03781
DEFINE ENERGY 20
NEUTRON BIN 13.03781 1.  13.02454
INC 1.085172  P 1  E 1  A 1
INC 1.084079  P 1  E 2  A 2
INC 1.080834  P 1  E 3  A 3
INC 1.075529  P 1  E 4  A 4
INC 1.068318  P 1  E 5  A 5
INC 1.059405  P 1  E 6  A 6
INC 1.049040  P 1  E 7  A 7
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INC 1.037510  P 1  E 8  A 8
INC 1.025126  P 1  E 9  A 9
INC 1.012213  P 1  E 10  A 10
INC 0.999105  P 1  E 11  A 11
INC 0.986128  P 1  E 12  A 12
INC 0.973597  P 1  E 13  A 13
INC 0.961807  P 1  E 14  A 14
INC 0.951025  P 1  E 15  A 15
INC 0.941490  P 1  E 16  A 16
INC 0.933407  P 1  E 17  A 17
INC 0.926944  P 1  E 18  A 18
INC 0.922233  P 1  E 19  A 19
INC 0.919368  P 1  E 20  A 20
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The DETECTOR Data Block

Introduction to COG Detectors
A detector is used to specify what type of information the user wants to gain from the
COG calculation. A detector in the physical sense is a “gadget” that can detect and
record the number and energy of particles in a given location in the experimental
space. A similar terminology is used to describe a detector within COG. Since COG
detectors are mathematical entities, they do not suffer from most of the faults of real
detectors and can be given any size or response or resolution you desire. COG
detectors can be made sensitive to any property of the particles, including properties
which most real detectors cannot sense—such as particle age, particle type, and angle
of incidence. COG computes DETECTOR output—which can be the particle current
across a surface, the particle flux at a point, the number of collisions in a volume,
etc.— by analyzing in detail the random walk histories of all problem particles.

Each event in a particle’s random walk—its birth at the source, a boundary crossing, a
scattering, a splitting, a Russian roulette outcome, etc.—is recorded in the particle’s
Event History record. This particle history includes all secondary particles produced
by the original source particle and their subsequent histories. (The printout produced
by the RETRACE option is an abridged version of the particle Event History record.)

At the end of each source particle history, COG analyzes the particle's Event History
record to compute incremental detector scores. Four basic detector types have been
built into COG. These are the REACTION, BOUNDARY-CROSSING, POINT, and
PULSE detector types. In addition, the user can write his own routine for specialized
processing; this is termed the USRDET detector type.

The basic quantity scored for any detector type (except PULSE) is particle fluence (or
number flux), in units of particles/cm2 per source particle, multiplied by source
strength. (Exception: if the source specifies a STEADY state TIME-dependence, then
the basic detector score is given in units of particles/cm2-sec.)

This basic score can be converted to energy flux, dose, or other quantity by specifying
an appropriate detector response function.

The particles which are allowed to score in a detector can be limited by MASKS,
which specify allowed ranges of particle ENERGY, TIME, and ANGLE, for
example.

Differential results for any detector can be obtained in ENERGY, TIME, and ANGLE
space by specifying one or more BIN structures.
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It is often a good idea to place multiple detectors, with multiple ENERGY BINs or
response functions, at the same location in a problem. These extra detectors take little
additional computational time and may give extra insight into the problem.
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Outline of the Detector Data Block
The DETECTOR Data Block specifies all the detectors in a problem. This Data Block
has the form:

DETECTOR

NUMBER = label  { TITLE = ".  .  ." }

detector type and associated data

{response functions}

{masks}

{differential bins}

NUMBER = label  { TITLE = ".  .  ." }

detector type and associated data

{response functions}

{masks}

{differential bins}

.  .  .

where:

NUMBER is the keyword indicating the beginning of a new detector definition;

label is an identifying ASCII label (up to 8 characters) for this detector definition;

{ TITLE = ".  .  ." } is an optional title associated with this detector, used for
identification only, and is printed along with the calculated results. The quotes  must
be included around the title text;

detector type and associated data specify the detector type (REACTION,
BOUNDARY-CROSSING, POINT, PULSE, USRDET) and location, along with any
other data necessary to define each detector type (see section COG Detector Types);

{response functions} are optional ENERGY, TIME, or ANGLE functions which
convert the particle flux to the desired output quantity. Responses are available which
will convert neutron and/or gamma flux to a biological dose, gamma flux to an
electron production rate, etc. If omitted, detector results will be given in terms of
particle number flux (particles/cm2 per source particle, times source strength).
Exception: if the source specifies a STEADY state TIME-dependence, then the basic
detector score is given in units of particles/cm2-sec.
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Note:  The units of a response are not changed by any units specified in the BASIC
Data Block.

{masks} are optional MASKs which limit detector scoring to particles which fall into
specified ranges of ENERGY, TIME, or ANGLE, for example. Masks allow the user
to specify important detector properties, such as collimation or energy thresholds;

{differential bins} define optional ENERGY, TIME, and/or ANGLE BINs into which
the scoring particles will be sorted. For example, if an ENERGY BIN structure is
specified, then the incident energy of each scoring particle is sorted into one of the
ENERGY BINs. A similar procedure is followed for TIME and ANGLE BINs.

Detector Output Units
The basic detector response shown in the COG output file is the omnidirectional
particle flux, in units of particles per square centimeter per source particle emitted,
multiplied by source strength. (Exception: if a STEADY state source has been
specified, the units are particles per square centimeter per second.) If the user has
specified a response function for the detector, then the flux is converted to the
specified response, e.g. energy deposited in the detector per source particle emitted or
per unit time.

Differential bins produce scores in an ENERGY, TIME, or ANGLE BIN structure.
The units of these BINned scores will be response per unit energy for ENERGY
BINs, response per unit time for TIME BINs, and response per steradian for ANGLE
BINs. The user can specify desired units of energy and time in the BASIC Data
Block; these units will otherwise default to MeV and seconds respectively.

Detector Results
Detector results are written into the standard COG output text file, the….out file. An
abbreviated form of the detector results is also written into a tab-delimited text
file—the ….det file. The ….det file presents detector results in a form convenient for
plotting or post-processing. (The meaning of each column in this file can be deduced
by comparing with the ….out file.) COG also plots detector results in its graphics
file—the ….ps file.
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COG Detector Types

Reaction Detector
The simplest detector type, and often the best, is the REACTION detector. A reaction
detector counts the number of collisions (reactions) occurring within a specified
volume (REGION) of the user's geometry. This gives an estimate of the collision
density P, averaged over the detector's volume. The particle flux f is obtained from
the relationship:

P = f m

where m is the total material cross section (in units of inverse length). At each
collision, a particle's contribution df to the flux score is:

df = 
w

 mV
    ,

where w is the particle's weight and V is the detector volume.

Properly normalized, the sum of the contributions for all particles is the particle
number flux averaged over the volume (average number of particles/cm2-source
particle).  For thick regions this method works well, but for thin regions, where the
expected number of collisions is < 1, this method yields large errors.

COG uses a variation of this method to improve the accuracy for thin regions. Rather
than summing the flux contributions df at each collision site, it uses the following
procedure. When a particle enters the detector volume, COG computes the flux
contribution from an estimated collision. The probability that the particle will collide
at least once in its flight through the detector is:

Pr(at least one collision) = 1 – e-md ,

 where d = distance to the nearest exit surface of the detector. COG then uses for the
flux contribution df' :

df' = 
w[1 – e -md]

 mV
    .

This quantity tends to the standard formula for md large, but gives improved results
for thin volumes. Each particle produces a usable score to sum, whether it actually
reacts in the volume or not. Summing the few real collisions in thin volumes would
be much less accurate.
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Volumes with zero cross sections are handled by calculating the average path length
through the volume. This produces an accurate flux estimate. (Reference 30 provides
theoretical details of this and other methods of flux estimation.)

The REACTION detector works best for volumes large enough to have many
particles going through them. If the detector volume is small and very few particles
transverse it, the statistics will be poor and the results may be very unreliable. This
latter problem can be alleviated by modifying the random walk to force particles
toward the detector volume. In any case, even for very small volumes, the statistics
properly reflect the real events being measured.

The REACTION detector is specified by:

REACTION  { LUCKY } reg-ID#  volume-size

where:

{ LUCKY } is an optional input causing the code to operate in the "Lucky Particle"
mode (see the section Lucky Particle Detection);

reg-ID# is the REGION number assigned to the detector volume. By default, the reg-
ID# of any specified volume (SECTOR) is the same as the Sector number (sect-ID#).
This can be changed by an ASSIGN statement;

volume-size is the size of the detector region's volume, in units of length3. The unit of
length may be specified in the BASIC Data Block, or allowed to default to cm.

As mentioned above, the detector results, if a response function is not specified, will
be given in units of particles/cm2, regardless of the problem's unit of length.

Note that the detector region does not have to be a single, continuous volume, but
may be several, possibly disjoint, volumes. The calculated result, in this case, is the
average over all these separate volumes. You can use an ASSIGN statement to assign
one REGION number (reg-ID#) to many SECTORs.

Example: Define a REACTION detector corresponding to REGION 5 with volume
158.4. If no problem unit of length was specified in the BASIC Data Block, the volume

is in units of cm3.

REACTION 5 158.4

Output Units: REACTION, BOUNDARY-CROSSING and POINT detectors will
calculate the number of particles per square centimeter,  (and per second for a
STEADY state source)—regardless of the input units of length and time. The standard
output for energy is MeV. These detector output units are not changed by units
specified in the BASIC Data Block.
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Boundary-Crossing Detector
A BOUNDARY-CROSSING detector calculates the average particle number flux at a
boundary between two adjacent REGIONs. Particle flux is defined as the number of
particles traversing unit boundary area normal to the trajectory, per unit time.  Each
particle crossing the boundary, from any direction, makes a positive flux contribution
df :

df = 
w

 A |cos(q)|
    ,

where w is the particle's weight, A is the boundary area, and q is the angle between
the particle's velocity vector and the boundary normal.

One way of looking at a boundary-crossing detector is to take the reaction detector
and shrink the volume, so that it has zero thickness in one of the dimensions. The
resulting score is then the incident particle weight divided by the projected area of the
surface being crossed, where the projected area includes the cosine of the angle
between the particle direction and the normal to the surface. Unfortunately, the cosine
tends to zero for the very few particles that have a grazing intersection with the
surface. To prevent this from causing computational problems, any time the cosine is
less than 0.01 it is set to 0.005. There is some rationale for doing this, but it is only
valid for certain geometries and not in general. Usually few, if any, particles cross the
surface with a grazing angle. If you have a problem where grazing crossings may be a
problem, we suggest you use a reaction detector.

The boundary-crossing detector is specified by:

Î
È

˚
˘BOUNDARY-CROSSING

BOUNDARY    {LUCKY} {COUNTS}  {CURRENT}

{CENSUS}                                 reg-ID#1      reg-ID#2     area

where:

{LUCKY} is an optional input causing the code to operate in the "Lucky Particle"
mode (see the section Lucky Particle Detection);

{COUNTS} is an optional keyword which causes this detector to score particles
instead of particle flux.  Use this option if you simply wanted to know how many
particles cross this boundary;

{CURRENT} is an optional keyword which causes this detector to score current
density instead of particle flux.   Current density is defined as the directional flux
crossing the boundary surface projected along the normal to the detector boundary, in
units of particles per unit area. A particle crossing from reg-ID#1  to reg-ID#2
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makes a positive contribution to the net current density; a particle crossing in the
reverse direction makes a negative contribution.

{CENSUS} is an optional keyword which causes the parameters of scoring particles
to be written into a text file. ( This file can be used as a Source file in a subsequent
run. See the CENSUS Source File Option in the SOURCE Data Block for a
complete description of this feature.;

reg-ID#1  reg-ID#2  are the REGION numbers of two adjoining regions (the detector
BOUNDARY is the surface between them);

area is the detector surface area, in units of length2. The unit of length may be
specified in the BASIC Data Block, or allowed to default to cm.

The detector results, if a response function is not specified, will be given in units of
particles/cm2, regardless of the problem's unit of length.

Example: Define a BOUNDARY-CROSSING detector which scores flux on the
surface between REGIONs 1 and 2. The detector area = 12.566. If no problem unit of

length was specified in the BASIC Data Block, the area is in units of cm2.

BOUNDARY 1 2  12.566

Example: Define a BOUNDARY-CROSSING detector which counts particles
crossing the surface between REGIONs 1 and 2. The detector area = 12.566.

BOUNDARY COUNTS 1 2  12.566

Output Units: REACTION, BOUNDARY-CROSSING and POINT detectors will
calculate the number of particles per square centimeter,  (and per second for a
STEADY state source)—regardless of the input units of length and time. The standard
output for energy is MeV. These detector output units are not changed by units
specified in the BASIC Data Block.
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Point Detector
General Considerations

The REACTION detector measures the average flux within some specified volume,
while the BOUNDARY-CROSSING detector measures the flux averaged over some
specified surface area. To obtain an answer at a point in space—i.e. one that is not
averaged over some volume or surface area, we have to use a much more complicated
procedure known in COG as a POINT detector. This has been called a next-flight
estimator or a last-flight estimator at various times in the literature.1 This method
estimates the flux at a given point by summing the contributions from each source
point and from each scattering event. In effect, we calculate the probability that a
particle of the desired type emerges from the source/collision point and flies in a
straight line to the point detector, without ever colliding in the intervening geometry.
Each differential contribution is of the form

dF = S(r') e-mfp/|r - r'|2

where S(r') is the flux at the source/collision point r' in space, directed toward the
detector position r. For a true particle source, S(r') is normally easy to compute. For a
scattering source, S(r') involves the probability of scattering through an angle defined
by the initial direction of the particle and the direction toward the point detector.
There is, of course, an energy associated with this scattering source. mfp is the
number of mean free paths that the scattered or source particle must pass through in
order to travel from the source/collision point to the detector. |r - r'| is the distance
between the source/collision point and the detector.

The energy-dependent flux at the point detector is the integral, over all phase space,
of dF. This is a form of the integral Boltzmann equation. This is a six-fold integral
and can best be evaluated by the Monte Carlo integration method. Thus a Monte
Carlo particle transport simulation is combined with a Monte Carlo integral
calculation to compute results at a point detector. The random walk scattering points
are the sample points taken to evaluate the integral. The normal process of simulating
particle transport by Monte Carlo is, in part, short circuited. Actual transport of a
particle from the source/collision point to the detector is replaced by a calculation of
the potential contribution of these "sources" to the detector’s response. Tracking
between source/collision point and point detector may be thought of as via
"pseudoparticles" that undergo no further collisions, but whose "weight" is reduced
by the solid angle and transmission probabilities.

In addition to the usual random walk calculation, several other calculations are
needed to solve this equation. Each of these calculations involves going to the cross
section data sets and evaluating the probability of scattering in a given direction,
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analyzing the geometry to find the distance through each material between two
points, and then calculating the transmission mean free path. These additional
calculations are time consuming—so much so that the ordinary random walk
computing time can almost be neglected by comparison.

However, this additional computing time delivers two very attractive advantages. The
first is that we really do get an estimate of the flux at a point, regardless of where it is
located. The second is that we get the maximum amount of data out of each collision
and each source particle generation. For some shielding problems, the point detector
is the most effective and efficient method of obtaining a result. Indeed for deep
penetration problems, this is one of the few methods that can provide a meaningful
answer.

The point detector technique also has some limitations of which the user should be
aware. The main limitation is that the variance of this estimate is infinite, which leads
to a slower convergence of the average score to the expected value as the number of

histories n is increased. (It has been shown that the rate of convergence varies as  n
-

1/3
 , compared to the n

-1/2
 convergence rate of the Reaction and Boundary detector

types, to which the classical Central Limit Theorem applies). This does not mean that
the estimate is unreliable; the expectation of the point flux estimator is the true flux at
the point. But the distribution of point detector scores is usually far from a normal
distribution. Scores below the expected value are more likely than scores above. This
means that the point detector tends to underestimate the true flux. The expected (true)
value is obtained in the long run by adding in the contributions from a few large
scores.  The occasional large contribution comes from a particle which scatters in the
vicinity of the point detector, where the

1 /|r - r'|2   factor is large.

Because of this limitation and the fact that this hybrid calculation is only a simulation
of a true random walk problem, point detectors should only be considered if an
answer cannot be obtained by other, more conventional methods.

Warning: In particularly difficult problems, the point detector technique is often
combined with source biasing and random walk biasing in order to get an answer in a
reasonable amount of computer time. But deviating from analog Monte Carlo
transport (no biasing) increases the risk of errors in the point detector results. The
POINT DETECTOR method can yield results that are orders of magnitude away
from a correct value if improperly used; the stated statistical error can also be
grossly wrong (see the section COG Statistical Considerations: The Problem of
Under Sampling). These anomalous results nearly always arise from failure to
sample the problem's phase space adequately. For example, a user may beam all the
source particles to a particular spot in the problem, believing this is the most likely
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path to get signals from source to detector. All of the point detector scores obtained
with this "biased" source may be very uniform, giving a result with a small standard
deviation. But it could happen that one or more unconsidered transport paths would
have provided much more detector flux than did the chosen path, thus rendering the
calculation useless (and misleading).

Point detector results will often have statistical errors that are very large. This does
not necessarily invalidate the answer. In many cases, the result is reasonable and the
statistical errors have to be accepted. Sometimes knowing the correct order of
magnitude is all that is required. Nearly all the large statistical errors we have seen
have been the result of under sampling rather than collisions close to the detector. If a
particular particle or a few particles are contributing nearly all the answer, these
particles' paths should be investigated (using RETRACE) to see how you might
possibly get more particles into these high scoring locations.

Point Detector

A POINT detector (point-flux estimator) is specified by:

POINT  x y z

where:

x y z is the detector position. Units are in centimeters unless specified otherwise in the
BASIC Data Block.

As we discussed above, there are at least two major concerns about the use of the
POINT detector. One is that some (or many) parts of phase space may not be sampled
enough or at all. Another concern is that collisions close to the detector can produce
large single particle contributions to the result. Both of these problems may, in turn,
produce a very large statistical error.

To provide additional information to the user about both these potential problems,
COG lists the percentage of the total POINT detector answer that came from
scattering in every problem REGION. In effect, this breaks the integral response into
spatial parts and tells you what is going on in each part (region). One of these regions
will include the POINT detector and these results will indicate the effect of close-by
scattering. Regions with few, or no, scattering will warn you of problems in under
sampling phase space. We show below a COG scattering-analysis table, taken from a
sample problem. The term fsd is the fractional standard deviation associated with
the response. This is one standard deviation divided by the response.
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4 5000 7998 56.261099 .008
5 5000 338 18.311108 .215
2 5000 822 16.452030 .134
1 5000 27875 7.488245 .026
6 5000 213 1.110742 .206
3 5000 221 0.270175 .307

You can use this REGIONal breakdown to improve the efficiency of subsequent runs.
It frequently occurs, as in this example, that some regions contribute almost nothing
to the point detector results, while some regions have not been sampled enough to
know what they contribute.

In this case, the 7998 collisions in REGION 4, which included the fixed source,
yielded ~56% of the answer. This represents ~21% (7998/37467) of the total
collisions and, hence, ~21% of the time spent calculating the POINT detector results.
The error associated with this calculation is very small, and one would almost always
be satisfied with it. The scattering in REGION 1, however, used ~74% of the
calculational effort and produced only ~7% of the result. It would have been more
productive to have sampled this region much less often. REGIONs 5 and 2 had only
~3% of the collisions (effort) and produced ~35% of the result—these regions were
under sampled. To run more efficiently, we would like to reduce the number of point-
flux estimates made from REGION 1, and concentrate on the other regions.

The following optional POINT detector specification will LIMIT the number of point
flux estimates to be made from any specified region.

LIMIT     
Î
Í
Í
È

˚
˙
˙
˘REGION

REG
 R

     
Î
Í
Í
È

˚
˙
˙
˘ALL or A

reg-ID#
reg-ID#1   TO   reg-ID#2

      n

                               REGION       .  .  .
          .  .  .

TOTAL DETECTOR RESPONSE LISTED BY THE STATISTICAL
REGION IN WHICH SCATTERINGS OCCURRED

region particles
source +
collisions %response fsd
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Where:

ALL or A indicates all REGIONs are to be limited;

reg-ID# is the number of the single REGION to be limited;

reg-ID#1   TO  reg-ID#2 indicates REGIONs numbered reg-ID#1 up to and
including reg-ID#2  will be limited;

n is the number limit which to be applied to the selected region(s). These specified
regions will have point flux estimates made for only the first n source particles.

If a region is specified more than once, the last specified n value overrides any
previous value. This method has the effect of limiting the point flux estimations
within a specified region to the first n source particles generated. COG will scale the
results from each region so that an unbiased total result is still obtained. Needless to
say, n must be equal to or less than the total source particles to be run in the problem.
If no limit is input for a region, n is set to the total number of source particles. A
value of n equal to zero means that no contribution will be calculated from that region
and the total result will not include the contribution from that region. The use of any
LIMIT will not allow the COG run to be terminated by the calculational time limits
(see BASIC Data Block).

We emphasize that the above technique is meant to optimize the calculation for the
total POINT detector results. If you are interested in, say, TIME-dependent results
and specify TIME BINs for the POINT detector, this LIMIT technique could work
against you. For example, a particular TIME BIN of interest to you might represent
only a very small fraction of the total response. If you altered the problem with the
LIMIT method, you could make the result in this TIME BIN worse. To insure that
you are doing the correct thing you may want to run the POINT detector with a TIME
MASK that gives results only for this one TIME BIN. The COG listing could then
guide you towards a more optimum solution for that TIME BIN.

As an aid in understanding the relative contributions of various regions, you can
restrict a POINT detector to score only those particles which scatter/originate in
designated regions. See Section: Masks That Limit What a Detector Can See.
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Example: Define a POINT detector at (0.,150.,0.).

POINT 0. 150. 0.

Example: Define a POINT detector at (202.2303,0. 18.5463). LIMIT the calculations
in REGION 1 to the first 5000 source particles, exclude all contributions from
REGIONs 2, 3, and 4.

POINT 202.2303 0. 18.5463
LIMIT REGION 1  5000
      REGION 2 TO 4  0

Output Units: REACTION, BOUNDARY-CROSSING and POINT detectors will
calculate the number of particles per square centimeter,  (and per second for a
STEADY state source)—regardless of the input units of length and time. The standard
output for energy is MeV. These detector output units are not changed by units
specified in the BASIC Data Block.

Volume Point Detector
A VOLUME POINT detector is a generalization of the POINT detector to a finite
volume. In a standard POINT detector, the scoring location is a point fixed in space.
In the generalized VOLUME POINT detector, the scoring point location is randomly
chosen within the detector volume, whenever a point-flux estimate is made. The net
result of this process is the same as establishing many standard POINT detectors in a
volume, then averaging the results.

To use a VOLUME POINT detector, specify:

POINT VOLUME sect-ID#

where:

sect-ID# is the number of the SECTOR which is the detector volume.

The specified sector must be a BOX, CYLINDER, or SPHERE.
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Pulse Detector
A PULSE detector simulates a counting experiment which uses a detector and a
multichannel analyzer. A crystal (or solid state detector or ion chamber or
proportional counter) with gamma rays incident on it can emit pulses of light (or
electrical pulses) proportional to the amount of energy deposited in the crystal. In a
real experiment, the pulse is analyzed to find its peak amplitude (voltage). If this
amplitude is greater than the threshold of channel An and less than that of channel
An+1, it is counted in channel An. If the count is below the lowest channel threshold,
no count is recorded.

COG simulates a PULSE detector by analyzing the energy deposited in a specified
detector region by each particle, and all of its daughter particles. If the total energy
deposited is greater than the detector's threshold energy, the PULSE detector's score
is incremented by the particle weight. If the user has specified an ENERGY BIN
structure for the detector, then a BIN is selected, based on the total energy deposited,
and the BIN value incremented by the particle weight.

Note: The response of this DETECTOR is different from other COG detectors in that
it records the sum of all the energy deposited in a detector region by a primary
particle and its progeny, even if the energy is deposited in several separate events (or
even if deposited by several particles, if they are daughters of the primary particle).
Other detectors record the energy per collision and do not do this summing;
consequently their response is different from the PULSE detector response. For
example, if one used a REACTION detector instead of a PULSE detector, one would
see many more low-energy "counts" that would have been summed into a single
higher-energy count by a PULSE detector.

The primary particle may be a neutron or a photon. The PULSE detector is insensitive
to particle type. That is, if the total energy deposited in the detector by any primary
particle and its secondaries (whether neutrons or photons) exceeds the specified
threshold, then a count is tabulated in the energy bin containing the total energy
deposition. A few examples may make this concept clear:

• In a photon-only problem, a photon of weight 1 and energy 2 MeV deposits all its
energy in the pulse detector. It is scored as a count of 1 in the energy bin at 2 MeV.

• In a photon-only problem, a photon of weight 1 and energy 2 MeV has a pair-
production event in the detector. Both annihilation photons escape the detector
without losing any energy. It is scored as a count of 1 in the energy bin at 0.978( = 2 -
2*0.511) MeV.

• In a neutron-only problem, a neutron of weight 1 and energy 5 MeV has several
elastic-scattering events in the detector, followed by an (n,g) event (Q for this event is
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+6.1 MeV). It is scored as a count of 1 in the energy bin at 11.1( = 5 + Q) MeV.
(Photons deposit their energy immediately in a neutron-only problem.)

• In a neutron/photon problem, a neutron of weight 1 and energy 5 MeV has several
elastic-scattering events in the detector, followed by an (n,g) event (Q for this event is
+6.1 MeV). The photon escapes the detector without losing any energy. It is scored as
a count of 1 in the energy bin at 5 MeV.

Note: Only a unity response function (see below) should be used with this detector
type.

The PULSE detector is specified by:

PULSE   [reg-ID#, threshold]

where:

The square brackets [ ] are required;

reg-ID# specifies a REGION number corresponding to the physical volume of the
detector;

threshold is the energy threshold for the detector.

A count will be registered in the detector if the total energy deposited in the detector
by a photon and its daughter particles exceeds threshold. The default units of
threshold will be in MeV unless some other energy unit was specified in the BASIC
Data Block.

Experimentalists in the real world often use more complicated pulse detection
schemes. Beside the base PULSE counter, they can add one or more counters to
provide particle identification or background rejection through counter logic. A count
in the base counter will only be accepted if some other events have occurred—for
example, if another detector also records an event (coincidence).

COG provides three options to simulate counter logic:

a  AND  b

where both counters a and b must have signals to generate a count in the base
counter;

c  OR  d

where either counter c or d must have a signal to generate a count in the base counter;

e  NOT  f

where a count will be generated in the base counter only if a signal occurs in counter
e but not in counter f.
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In these more complicated cases, the base counter is always the first counter
mentioned following the PULSE keyword.

Example: Define a PULSE detector as REGION 5, with a threshold of 0.5. This
detector will register one count for every photon that deposits more than 0.5 MeV in
REGION 5.

PULSE [5, 0.5]

Example: Define a PULSE detector as REGION 5 with a threshold of 0.5, and
REGION 7 with a threshold of 0.2. This detector will register one count for every
photon that deposits more than 0.5 MeV in REGION 5, the base counter, and more
than 0.2 MeV in REGION 7.

PULSE [5, 0.5] AND [7, 0.2]

Sets of counters can be grouped together to form a composite counter by enclosing
them in square brackets.

Example: Define a PULSE detector as REGION 5 and not REGIONs 7, 8, or 9. This
detector will register one count for every photon that deposits more than 0.5 MeV in
REGION 5, the base counter, while, at the same time, not depositing more than 0.2
MeV in REGIONs 7, 8, or 9.

PULSE [5, 0.5] NOT [[7, 0.2] OR [8, 0.2] OR [9, 0.2]]

The energy associated with the PULSE detector is the energy deposited in the base
counter. Hence, the ENERGY-dependent differential output is a simple pulse height
representation of the results.

Example: Define a PULSE detector as REGION 5 with a threshold of 0.5, and
REGION 7 with a threshold of 0.2. This detector will register one count for every
photon that deposits more than 0.5 MeV in REGION 5, the base counter, and more
than 0.2 MeV in REGION 7. Sort the counts into ENERGY BINs that range from 0 to
5 MeV. The energy to be sorted on is the energy deposited into the base counter
(REGION 5).

PULSE [5, 0.5] AND [7, 0.2]
BIN ENERGY = PHOTON 0. 1. 2. 3. 4. 5.

The BIN results of this example will be counts vs. energy-deposited-in-base-counter.

With the proper choice of regions and options, we can easily simulate simple
coincidence, anti-coincidence, etc., experiments. The CASCADE source was
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specifically designed to be used with a pulse detector to simulate correlated gamma
counting experiments.

Do not  use walk modifications with the pulse detector if they would modify the
particle weights after a collision in any of the pulse counters. Source biasing is safe.
Other forms of biasing can create errors, depending  on the pulse-detector setup. For
example, particle splitting could result in one split particle scoring in two coincidence
detectors.
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USRDET — User-Defined Detector Subroutine
The standard COG detectors are very versatile, but occasions arise when the user may
want something special. For example, suppose you want to score only single-
scattered particles, or those which have passed through a particular region of your
geometry. Or suppose you would like to use a detector response which is spatially
dependent within the detector region, or which has a complicated reaction
dependence. The USRDET feature allows you to write your own detector subroutine
to do such custom processing.

The shared runtime library capability in UNIX allows the linking-in of library
routines at runtime. We exploit this capability to link user-written detector
subroutines into the executing COG code. User-written detector subroutines allow the
user to define new types of detector response functions and do special processing of
scoring particles. Linking at run time keeps the user routines isolated from standard
COG. The user never compiles or loads the standard COG routines, but all of the
COG routines may be called as needed. In addition to providing the user with a
custom detector capability, the USRDET can function more generally as an interface
to post-processing applications.

The user must write and compile one or more subroutines and store them in a runtime
(shared) library named “libCOGUser.so”. The name of the entry subroutine is
specified to COG on a USRDET line in the COG input file. The user's detector
routine will be called by COG after the completion of each source particle history, so
that the routine can do its special scoring.

The user's detector routine may call other user-written subroutines, and any COG
routines as desired. The user may have more than one instance of a given user-
specified detector in a problem, by assigning a different detector number to each
USRDET instances. More than one named user detector may be used in a problem.

Specifying the USRDET to COG

Each USRDET must be specified in the DETECTOR Data Block of the COG input
file. The USRDET specification has the form:

USRDET { subname } REGION reg-ID#1  { REGION reg-ID#2 }             {
PASSPVM }    { arg1  arg2  arg3 .  .  . }  { FILE filename }

where:

subname  is the name of the user's detector subroutine. If omitted, it defaults to
“usrdet”;
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REGION reg-ID#1  { REGION reg-ID#2 } specifies the one (or two) REGION(s)
needed to locate the detector (one reg-ID# for a Volume detector, two reg-ID#s for a
Boundary-crossing detector);

arg1  arg2  arg3 .  .  . are optional values which will be passed on without processing
to the USRDET subroutine;

PASSPVM is a control parameter used in parallel computations under PVM or MPI.
It signals the COG Master process to expect scoring tallies to be sent back from each
Slave process. The default is that no tallies are returned to the Master process. There
is a PComm parallel communications package loaded into COG, which can be used to
send results from each Slave usrdet, and receive them in the Master usrdet. See the
/usrdet directory in the COG distribution for more information.

File filename  optionally specifies a 32-character or less file name to be passed to the
USRDET, perhaps for storing detector results.

Note: unlike most COG input, filenames are case sensitive, i.e. they must be typed
exactly as they appear on the computer. No embedded blanks are allowed. And unlike
a string used in a COG title, the filename is not surrounded by ".

As with other detector types, the USRDET line is preceded by the line:

NUMBER = det#    {TITLE = " .  .  ."}

where:

det# is an integer;

TITLE=  specifies an optional ASCII title.

Example: Specify a USRDET DETECTOR in REGION 5. Let the user subroutine be
named myuser1, and the arguments be the detector volume (22.5), a lower and upper
energy limit (0.1 and 10.1), a label (MeV) and a filename to write results into.

USRDET myuser1 REGION 5 22.5 0.1 10.1 MEV FILE
MYOUTFILE

COG does not interpret the arguments but merely gathers them up into two arrays of
ASCII values (character*8) and their corresponding real (real*8) values, and passes
them into your USRDET routine (here myuser1).

See the USRDET directory in the COG distribution for instructions on preparing a
USRDET. Examples are provided.
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Lucky Particle Detection Mode
It frequently happens that one wants to make a parameter study in some limited
region of a problem geometry, by trying out different shielding materials, say, or
evaluating different detector schemes. If there is a low probability for source particles
to reach the region of interest, then a long computer run will be necessary to generate
results with good statistics. If you wish to evaluate many problem permutations, then
many long runs will be necessary. However, if the changes you are contemplating are
small enough that the particle flux reaching the boundary of the region of interest will
not be seriously perturbed by your changes, then you can run your studies much faster
by using the Lucky Particle/CORRELATED option.

Using the optional keyword LUCKY in either the REACTION or BOUNDARY-
CROSSING DETECTOR definition causes the code to operate in the "Lucky
Particle" mode. In this mode the code writes into the SOURCE output file (the….sor
file) the starting random number seeds of only those particles which reach the
detector. Normally the ….sor file (if enabled via the WRITESOURCE option in the
SOURCE Data Block) contains a set of SOURCE-description parameters and a list of
starting random number seeds for each of the NPART particles making up the particle
SOURCE.

If the problem is now rerun in CORRELATED mode with the ….sor file produced by
the Lucky Particle run, the only particles which will be followed are those which
contributed a score to the Lucky Particle detector. All other particle histories are
omitted. In this way, for example, detector parameter studies can be done efficiently
by running from a Lucky Particle ….sor file over and over again, with different
detectors in the location of the original Lucky Particle detector.

Notes:

• In a CORRELATED run, the Lucky Particle mode must be turned off;

• The results of the these runs will be highly correlated, because you are using the
same set of "lucky" particles every time;

• If the changes from problem to problem are large enough to significantly perturb the
flux field, then your results will not be valid.
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Limitations: You may have only one Lucky Particle detector per problem. Because
Lucky Particle mode causes a ….sor file to be written, it can not be used with an
existing ….sor file (e.g., cannot be used in a CORRELATED run).

Example: We have a BOUNDARY-CROSSING detector specified as the boundary
between REGIONs 1 and 2, with area 12.566. Cause it to function in Lucky Particle
mode.

 BOUNDARY LUCKY  1 2 12.566
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Masks That Limit What a Detector Can See
MASKs are filters which limit detector scoring to particles which fall into specified
ranges of particle properties – such as ENERGY, TIME, ANGLE, number of
collisions. In activation problems, a half-life mask can be used. A REGION mask is
available for POINT detectors only. Masks allow the user to specify important
detector properties, such as collimation or energy thresholds.

Energy, MASK-E
An ENERGY MASK is specified by:

MASK-E  particle-type  elower eupper

                             (particle-type  elower eupper)  .  .  .

where:

particle-type is the particle type (must be one of those specified in the BASIC Data
Block);

elower and eupper are the lower and upper energy limits of the acceptance range.

The mask is used only for the detector with which it is defined. It results in the
detector scoring only particles with energies between the given limits. More than one
MASK-E statements can be supplied per detector, one for each particle type.

Default: If no mask is defined, then none is applied.

Example: Limit the detector's neutron response to neutron energies between 1 and 5
MeV, and the photon response to energies below 0.511 MeV.

MASK-E NEUTRON 1. 5.
       PHOTON 0. 0.511

Time, MASK-T
A TIME MASK is defined by:

MASK-T  tlower   tupper

Where:

tlower and tupper are the lower and upper particle-age limits of the acceptance range.

The mask is used only for the detector with which it is defined. It results in the
detector scoring only particles with AGEs between the given limits. A particle's AGE
is equal to its time of birth (at the source or at a collision point) plus the travel time to
the detector scoring position.

Default: If no mask is defined, then none is applied.
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Example: Limit the detector's time response to incident particles with ages between
1X10-9 and 5X10-9 seconds.

MASK-T 1.E-9 5.E-9

Single-Angle, MASK-A
An ANGLE MASK to limit particle scoring based on a single (polar) angle is
specified by:

MASK-A  Î
Í
È

˚
˙
˘uref  vref  wref

NORMAL   mlower  mupper

where:

uref  vref  wref are the direction cosines of the polar reference direction;

NORMAL indicates the reference direction is normal to the surface. This can be used
only for the special case of a BOUNDARY-CROSSING detector;

mlower  and mupper  are the lower and upper limits of the acceptance range, in terms of
the cosine of the polar angle between the scoring particle's direction and the reference
direction.

Default: If no mask is defined, then none is applied.

Example: Limit the detector's angle response to angles between 0o and 10o from the
normal. Assume we have a boundary detector.

MASK-A NORMAL 0.9848 1.

Double-Angle, MASK-A*
An ANGLE mask which limits particle scoring based on a polar angle and an
azimuthal angle is specified by:

MASK-A*   Î
Í
È

˚
˙
˘uref  vref  wref

NORMAL    ua va wa

                          mlower  mupper   flower  fupper

where:

uref  vref  wref are the direction cosines of the polar reference direction;

NORMAL indicates the reference direction is normal to the surface. This can be used
only for the special case of a BOUNDARY-CROSSING detector;

ua va wa are the direction cosines defining the azimuthal reference direction;
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mlower  and mupper  are the lower and upper limits of the acceptance range for the
cosine of the polar angle between the particle's direction and the polar reference
direction;

flower  and fupper  are the lower and upper limits of the acceptance range for the
azimuthal angle (in degrees) between the particle's direction and the azimuthal
reference direction.

The two reference directions must be at right angles to each other.  Default: If no
mask is defined, then none is applied.

Example: Limit the detector's angle response to angles in the +Z, +X quadrant.

MASK-A* 0. 0. 1.  1. 0. 0.  0. 1. 0. 90.

You cannot use both the MASK-A and the MASK-A* specifications with the same
detector.

Collision, MASK-C
This mask restricts scoring to only those particles which have undergone a specified
number of collisions.

A COLLISION mask is specified by:

MASK-C  n1  n2

where:

n1 and n2 are the minimum and maximum particle collision numbers allowed to pass
the mask. Each particle carries a collision-number counter, which is initially set to
zero for source particles and to one for secondary particles born out of a collision. At
every subsequent collision suffered by the particle, the collision number is
incremented by one.

Region, MASK-REG (Point Detectors only)
This mask restricts POINT detector scoring to only those particles whose source
event or last scatter event occurred in a set of specified REGIONs.

A REGION mask is defined by:

MASK-REG list_spec

where:

list_spec specifies the REGIONs to be allowed. The list can be specified in various
ways, as the following examples illustrate:
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MASK-REG ALL

MASK-REG ALL EXCEPT 4 14 98

MASK-REG 30 to 50

MASK-REG 30 to 50 EXCEPT 33 40

MASK-REG 14 22 98 403

Half-Life, MASK-HL (Activation problems only)
Up to this point, we have assumed that when a neutron reacts to produce a secondary
photon, the photon exits the reaction without a time delay. Actually, there is always a
small time delay, but it is so small that we can neglect it. We have not considered the
case where the neutron excites (activates) the nucleus and decay photons are not
emitted until days, weeks, or even years after the activating event. These are problems
of activation and are not really different from a standard problem, except that the
appropriate decay time must be taken into account. A COG problem involving
activation must use a special neutron cross-section library, ACTL, rather than the
standard ENDL90 or ENDF/B-V neutron libraries. The ACTL library (Ref. 7 of the
Introduction) contains secondary production data which include neutron activation
and known decay schemes for most radioactive isotopes. A decay constant or half-life
is associated with the emission of every secondary photon. To achieve a correct time-
dependent result at a detector, the detector results must be sorted by half-life and then
multiplied by a time-dependent factor (which includes the period of original
irradiation and the time since irradiation.2

The HALF-LIFE MASK filters the detector results based on a specified emission
half-life of secondary photons. It has the form:

MASK-HL  half-life

where:

half-life is the half-life desired, in the units of the reference time. COG limits this
detector's result to particles with emission half-lives ranging from 0.975 times half-
life to 1.025 times half-life.

Default: If no mask is defined, then none is applied.

Example: Limit the detector's half-life response to values about 4.6 seconds (4.485 to
4.715 seconds). It is assumed that this is an ACTIVATION problem and the detector
is sensitive to photons.

MASK-HL 4.6
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Detector Response Functions (DRFs)

Energy, DRF-E
By default, the REACTION, BOUNDARY-CROSSING and POINT detectors will
calculate number flux at the detector –the number of particles per square centimeter.
Sometimes this is what the user wants, but in most cases the quantity desired is the
detector's response to this number flux. Almost always, the conversion from number
flux to the desired quantity is energy dependent.

 An ENERGY-dependent detector response is specified by:

DRF-E  particle-type   response

        (particle-type   response) .  .  .

where:

particle-type  is the particle type (must be one of those specified in the BASIC Data
Block);

response represents the desired energy response and has one of the forms given
below. More than one DRF-E statement can be supplied per detector, one for each
particle type.

Default: All specified particles in the problem will have a response value of unity. If
there is more than one type of particle specified in the problem, and if one type has a
DRF-E given but the other types do not, the unspecified particle types will have a
default response of zero.

response may be any one of the following:

• NUMBER-FLUX  Yields a response equal to one for all particle energies. Detector
results will be given in units of particles/cm2.

• ENERGY-FLUX  Yields a response equal to the incident particle energy, in MeV,
at all energies. Detector results will be given in units of MeV/cm2.

• DOSE77 Produces a result in REM (Roentgen Equivalent Man). For neutrons with
energies from 0 to 20 MeV, the conversion data (to convert fluence to dose) are taken
from the ANSI/ANS standard 6.1.1 (1977). From 20 to 200 MeV, the data are taken
from Table 1.3-7 of the Engineering Compendium of Radiation Shielding (1968). For
photons greater than 10 keV, the conversion factors are from the ANSI/ANS standard
6.1.6 (1977). Photons less than 10 keV will use a zero conversion factor and a
warning will be printed.

• DOSE or DOSE91 Produces a result in Sieverts (1Sv = 100REM). The results are
interpreted as the dose, in Sv/source particle, which human tissue would receive at the



DETECTOR Data Block
Detector Response Functions (DRFs) 9/1/02

– 264 –

detector position. Neutron and photon Sievert dose data (which convert fluence to
dose) are taken from the ANSI/ANS standard 6.1.1 (1991).

• R-RATE  mat-ID#  reaction#

asks COG to estimate a reaction rate due to the flux of particles of type particle-type
on a specified problem material, where:

 mat-ID# is the MATERIAL number of one of the materials defined in the MIX Data
Block, which must be an isotope;

reaction#  is a specified reaction on the selected isotope, chosen from the Reaction
Number List (see Appendix). Note that data for a particular reaction may not be
available for all isotopes.

Results for this response are in units of reactions per unit volume of the specified
isotope, per source particle.

• ENERGY-DEPOSITION  mat-ID#

where mat-ID# is the MATERIAL number of one of the materials defined in the MIX
Data Block. This option will produce the energy deposited in that material (which
should be the actual material in the detector region) by the particle fluence at the
detector. Energy deposition is given in units of MeV/cm3. This calculation is made
using data available on the EPDL and ENDL cross section libraries. EPDL is COG’s
default photon library (COGGXS). Neutron energy deposition is not available from
the ENDF (ENDF/B-V,-VI) cross section libraries. The required data consist of two
parts: 1) for each reaction, the average energy of the residual nucleus versus the
incoming particle energy; and 2) for each reaction and for each outgoing particle type,
the average energy of the scattered particle versus incoming particle energy. The local
energy deposition is the sum of the average energy of the residual nucleus and the
average energy of the scattered particle, for those particle types which are not being
transported. The cross-section weighted average of the local energy deposition
produces the (energy-dependent) energy deposition response.

• E-PRODUCTION mat-ID#

Specifies the Electron Production response, where mat-ID# is the MATERIAL
number of one of the materials defined in the MIX Data Block. This causes COG to
calculate the number of electrons produced in that material (which should be the
actual material in the detector region) by photon interactions. The ENERGY, TIME
and ANGLE results for this detector are given for the electrons produced. Note that
no  electrons are transported when using this response and any secondary photons and
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electrons generated by these electrons will not  be included. This option provides first
estimates for those who wish to calculate detector sensitivities.

• EE-PRODUCTION mat-ID#

Specifies the Electron Energy Production response, where mat-ID# is the
MATERIAL number of one of the materials defined in the MIX Data Block. This
causes COG to calculate the electron energy created in that material (which should be
the actual material in the detector region) by photon interactions. The ENERGY,
TIME and ANGLE results for this detector are given for the electrons produced. Note
that no electrons are followed when using this response and any secondary photons
and electrons generated by these electrons will not  be included. This option provides
first estimates for those who wish to calculate detector sensitivities.

• Alternatively, the desired response function can be specified as a series of energy,
response pairs ( a distribution):

e1   response1    e2   response2  .  .  .

where:

response1  is the detector response for incident particle energy e1, etc. The detect or
response is assumed to vary linearly between the ei's and to be zero above and below
the specified range.

Example: Define a detector response to be neutron energy flux.

DRF-E NEUTRON ENERGY-FLUX

Example: Define a detector response to be neutron and photon dose.

DRF-E NEUTRON DOSE
      PHOTON DOSE

Example: Define a photon energy response as a point-wise distribution. The response
is 2.1X1018 at 1. MeV, changing linearly to 4.X1018 at 2.5 MeV, and again changing
linearly to 5.1X1017 at 10. MeV. The response is zero below 1. and above 10. MeV.

DRF-E PHOTON 1. 2.1E18  2.5 4.E18  10. 5.1E17
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Time, DRF-T
A detector response as a function of time may be provided by specifying:

DRF-T   t1   response1    t2   response2  .  .  .

where:

ti   responsei are the point-wise time, response pairs defining the response. The

response is assumed to vary linearly between the ti's and to be zero above and below

the specified range.

Default: If no DRF-T is given the problem will have a time response of unity.

Example: Define a time response which is 2.1 at 1.X10-9 seconds, changing linearly
to 4. at 2.5X10-9 seconds, and again changing linearly to 0.5 at 1.X10-8 seconds. The
response is zero below 1.X10-9 and above 1.X10-8 seconds.

DRF-T 1.E-9 2.1  2.5E-9 4. 1.E-8 0.5

Single-Angle, DRF–A
ANGLE-dependent detector response functions are very similar in form to ANGLE-
dependent source specifications. For a response dependent upon only one polar angle
measured from a polar reference direction, specify:

DRF-A  Î
Í
È

˚
˙
˘uref  vref  wref

NORMAL   m1  response1   m2  response2  .  .  .

where:

uref  vref  wref  are the direction cosines of the polar reference direction;

NORMAL indicates the reference direction is normal to the surface. This can be used
only for the special case of a BOUNDARY-CROSSING detector;

mi  responsei are the point-wise m, response pairs defining the response. m is the
cosine of the angle between the particle's direction and the polar reference direction.
The response is assumed to vary linearly between the mi's and to be zero above and
below the specified range.

Default: If no DRF-A or DRF-A* is given the problem will have an angle response
of unity.
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Example: Define an angle response which is constant between 0o and 10o, as
measured from the normal ( this assumes a boundary detector).

DRF-A NORMAL 0.9848 1.  1. 1.

You cannot use both the DRF-A and the DRF-A* specifications with the same
detector.

Double-Angle, DRF-A*
For a detector response dependent upon polar angle and an azimuthal angle, specify:

DRF-A*  Î
Í
È

˚
˙
˘uref  vref  wref

NORMAL    ua va wa

                              m1-  m1+   f1-  f1+  response1

                              m2-  m2+   f2-  f2+  response2

                              .  .  .

where:

uref  vref  wref  are the direction cosines of the polar reference direction;

NORMAL indicates the reference direction is normal to the surface. This can be used
only for the special case of a BOUNDARY-CROSSING detector;

ua va wa are the direction cosines defining the azimuthal reference direction;

responsei is the response in the solid angle bin defined by mi- mi+ fi- fi+. The m's are
the cosines of the angle between the particle's direction and the polar reference
direction, and the f's are the azimuthal angle (in degrees) between the particle's
direction and the azimuthal reference direction.

The two reference directions must be at right angles to each other.

Default: If no DRF-A* or DRF-A is given the problem will have an angle response
of unity.

Example: Define an ANGLE response which is uniform in the +Z, +X quadrant and
zero elsewhere.

DRF-A* 0. 0. 1.  1. 0. 0.  0. 1. 0. 90. 1.

You cannot use both the DRF-A and the DRF-A* specifications with the same
detector.
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COG Standard Double-Angle Bin Structure

A double-angle response function can alternatively make use of the COG pre-defined
equal-solid-angle BIN structure. This is the same structure which may be used in a
COG SOURCE or a detector angle differential response. (See the section COG
Standard Double-Angle Bin Structure, under Sources, for the definition of this bin
structure.)

DRF-A*

Î
Í
È

˚
˙
˘uref  vref  wref

NORMAL     ua  va  wa

                             N = n    response1    response2  . . .  responsem

where:

uref  vref  wref  are the direction cosines of the polar reference direction;

NORMAL indicates the reference direction is normal to the surface. This can be used
only for the special case of a BOUNDARY-CROSSING detector;

ua va wa are the direction cosines defining the azimuthal reference direction;

N is the keyword indicating that the COG pre-defined equal-solid-angle BIN structure
is desired;

n is an integer denoting the order of the BIN structure;

responsei is the response in each of the solid-angle BINs.

The two reference directions must be at right angles to each other.

There will be m = 4n(n + 1) equal-solid-angle BINs
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BINs – Obtaining Differential Detector Results
Frequently users want to see their detector results broken down by ENERGY, TIME,
and/or ANGLE. In COG, we refer to these as the differential results for each
detector. You obtain differential results for a detector by specifying one or more BIN
structures in ENERGY, TIME, and/or ANGLE. You can even specify more than one
set of ENERGY BINs, say, so that you can have both a coarsely-gridded and a finely-
gridded spectrum.

BIN edges can be specified in either increasing or decreasing order, and need not
cover the entire parameter range.

ENERGY Bins
ENERGY BINS are specified by:

BIN   ÎÍ
È

˚̇
˘ENERGY

E   = [particle_type]  e1  e2  e3  .  .  .

                      { LIST E e1a e1b    e2a e2b  … }   

where:

particle-type  is the particle type (must be one of those specified in the BASIC Data
Block);

ei are the BIN edges, in MeV (or in the ENERGY units specified in the BASIC Data
Block);

LIST E is an option indicating that the user wants to LIST particle properties for
those scoring particles which fall into the ENERGY ranges specified by the endpoint
pairs e1a e1b    e2a e2b .  .  .  This is a diagnostic tool which can be used to find out
where the particles are coming from that score into a particular part of the detected
spectrum. See the section LISTing Properties of Scoring Particles, below.

Example: Define a neutron ENERGY BIN structure with 10 bins (11 edges) which
range from 0. to 10. MeV in steps of 1. MeV. Note the use of the interpolation feature
(in the brackets).

BIN ENERGY NEUTRON 11 [0. I 10.]
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TIME Bins
TIME BINs are specified by:

BIN   ÎÍ
È

˚̇
˘TIME

T    t1   t2   t3  .  .  .

where:

ti are the BIN edges, in seconds (or in the units specified for TIME in the BASIC
Data Block).

Example: Define a  TIME BIN structure with 10 bins (11 edges) running from 0. to
1X10-8 seconds in steps of 1X10-9 seconds. Note the use of the interpolation feature
(in the brackets).

BIN T 11 [0. I 1.E-8]

ANGLE Bins - Single Angle
ANGLE BINs that are dependent on only one (polar) angle are specified by:

BIN   ÎÍ
È

˚̇
˘ANGLE

A   =  Î
Í
È

˚
˙
˘uref  vref  wref

NORMAL   m1  m2  m3  .  .  .

where:

uref  vref  wref  are the direction cosines of the polar reference direction;

NORMAL indicates the reference direction is normal to the surface. This can be used
only for the special case of a BOUNDARY-CROSSING detector;

mi are the BIN edges, given in cosine of the angle between the polar reference
direction and the particle direction.

Example: Define an ANGLE BIN structure which consists of 10 equally-spaced (in
cosine) bins running from -1. to 1. in cosine of the angle between the particle
direction and the normal to the detector surface. This example assumes a boundary
detector.

BIN A NORMAL -1. -0.8 -0.6 -0.4 -0.2 0.
             0.2 0.4 0.6 0.8 1.

If desired, the reference direction may also be specified by any method used in the
path-stretching or angle-biasing techniques described in the section The Monte
Carlo Random Walk.

Each of the above BIN structures produces a single list of bin values as a function of
just one detector output quantity—that is, a one-dimensional, 1D, output.
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Multiple Bins

2D Bins

If we wanted to see how the detector results varied in both TIME and ENERGY, we
could specify:

BIN   

† 

TIME
T

È 

Î 
Í 

˘ 

˚ 
˙ t1  t2  t3  .  .  .

           

† 

ENERGY
E

È 

Î 
Í 

˘ 

˚ 
˙ =  [particle_type] e1  e2  e3  .  .  .

We would now get a set of ENERGY BINs for each TIME BIN. There are many
more individual bins for this two-dimensional, 2D, representation, and it may be
necessary to run your problem longer to achieve meaningful statistics in every bin.
Other cases of 2D BINs would be TIME and single-ANGLE BINs, or ENERGY and
single-ANGLE BINs.

A double-ANGLE BIN structure also produces a set of 2D BINs. This is specified by:

BIN   ÎÍ
È

˚̇
˘ANGLE*

A*   =  Î
Í
È

˚
˙
˘uref  vref  wref

NORMAL   ua  va  wa

                           m1- m1+  f1- f1+

                           m2- m2+  f2- f2+

                           .  .  .

where:

uref  vref  wref  are the direction cosines of the polar reference direction;

NORMAL indicates the reference direction is normal to the surface. This can be used
only for the special case of a BOUNDARY-CROSSING detector;

ua va wa are the direction cosines defining the azimuthal reference direction;

mi- mi+ are the BIN edges in the cosine of the angle between the polar reference
direction and the particle direction;

fi- fi+ are the BIN edges of the angle (in degrees) between the azimuthal reference
direction and the particle direction.

The two reference directions must be at right angles to each other.

Example: Define a double ANGLE BIN structure which consists of  8 quadrants. The
reference and azimuthal directions are the +Z axis and the +X axis respectively.
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BIN A* 0. 0. 1.  1. 0. 0.
           -1. 0.   0.  90.
           -1. 0.  90. 180.
           -1. 0. 180. 270.
           -1. 0. 270. 360.
            0. 1.   0.  90.
            0. 1.  90. 180.
            0. 1. 180. 270.
            0. 1. 270. 360.

If desired, the reference direction may also be specified by any method used in the
path-stretching or angle-biasing techniques described in the chapter The Monte
Carlo Random Walk.

COG Standard Double-Angle Bin Structure

A 2D double-ANGLE BIN structure can alternatively make use of the COG pre-
defined equal-solid-angle BIN structure. This is the same structure which may be
used in a COG SOURCE or a detector double-angle response function. (See
Appendix COG Standard Double-Angle Bin Structure for the definition of the bin
structure.)

BIN   ÎÍ
È

˚̇
˘ANGLE*

A*   =  Î
Í
È

˚
˙
˘uref  vref  wref

NORMAL   ua  va  wa

                                                 N = n

where:

uref  vref  wref  are the direction cosines of the polar reference direction;

NORMAL indicates the reference direction is normal to the surface. This can be used
only for the special case of a BOUNDARY-CROSSING detector;

ua va wa are the direction cosines defining the azimuthal reference direction;

N is the keyword indicating the COG pre-defined equal-solid-ANGLE BIN structure
is desired; and

n is an integer denoting the order of the BIN structure.

There will be m = 4n(n + 1) equal solid ANGLE BINs. The two reference directions
must be at right angles to each other.
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Example: Use the COG pre-defined double-ANGLE BIN structure of order 3. The
polar reference and azimuthal reference directions are the +Z axis and the +Y axis
respectively.

BIN A* 0. 0. 1.  0. 1. 0. N 3

3D and 4D Bins

Three-dimensional results can be obtained by specifying any of the following:

BINs in TIME, ENERGY, and polar ANGLE:

BIN T =  .  .  .

         E =  .  .  .

         A =  .  .  .

BINs in TIME, polar ANGLE, and azimuthal ANGLE:

BIN T =  .  .  .

       A* =  .  .  .

BINs in ENERGY, polar ANGLE, and azimuthal ANGLE:

BIN E =  .  .  .

       A* =  .  .  .

Four-dimensional results are a combination of T, E, and A* specifications.

Output of Differential Detector Results
The COG differential detector results are listed in the  ….out file along with a
complete definition of the bin structure. Binned results have units of response per
second, or per MeV, or per steradian for the 1D cases and the correspondingly
complex units for the 2D, 3D, and 4D cases.

When COG lists BINned detector results, if space allows, COG also lists the BIN
standard deviation, the fractional standard deviation, the contribution made to the
response from each BIN, and the running integral response—i.e., total response
integrated from the lowest BIN to the current BIN. If the BIN structure includes the
full range of the differential variables, the final value of the integral response should
equal the total response listed for the detector.
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Output Units: REACTION, BOUNDARY-CROSSING and POINT detectors will
calculate the number of particles per square centimeter (and per second for a
STEADY state source)—regardless of the input units of length and time. The standard
output for energy is MeV. These output units are not changed by units specified in the
BASIC Data Block.
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LISTing Properties of Scoring Particles
Occasionally the user may find that a COG detector energy spectrum contains some
surprises. Perhaps mysterious peaks or other features appear in the spectrum. Where
do the particles come from that make up these features? COG provides the LIST
option to help you find out. For one detector in your problem, you can put, following
an ENERGY BIN structure, this statement:

LIST  E  e1a e1b   e2a e2b  .  .  .

where each energy pair such as e1a  e1b specifies an ENERGY range to be LISTed
(maximum of 20 ranges). The units of energy are always MeV. Every time a particle
is scored into one of the ENERGY BINs of your detector, COG checks to see if the
scored energy also falls into one of the LIST E ranges. If it does, the scoring particle
properties are listed in a file named ....list. Particle properties LISTed include the
particle’s sequence number, the scored energy, and the index of the ENERGY BIN in
which the particle was tallied. You can use these particle sequence numbers as input
in a RETRACE statement for a subsequent COG run. (See section RETRACE
Source Particles). In the RETRACE mode, COG will print out all the events in the
history of each specified particle. This will enable you to determine exactly how these
particles came to score in that detector in that particular energy range. Warning: for
problems with a large number of source particles, the  ....list file can get very long.

Example: In a prior example we defined a neutron ENERGY BIN structure with 10
bins which ranged from 0. to 10. MeV in steps of 1. MeV. We now follow this BIN
description with a LIST statement to list the parameters of all scoring particles which
fall in the ranges: [0.0,0.2] MeV, [0.33,0.37] MeV, and [0.85,0.95] MeV.

BIN ENERGY NEUTRON 11 [0. I 10.]
    LIST E  0.0 0.2   0.33 0.37   0.85 0.95
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Plotting Detector Differential Results
COG has a basic graphics package for plotting detector results, including some user
controls over plot scales and labels. Much more flexibility in the data presentation can
be achieved by reading the ...det file of detector results into your favorite plotting
routine.

Each 1-D set of differential results (BIN structure) specified for a DETECTOR will
generate three plots in the ….ps graphics file. The first plot is the detector response as
a function of the differential (BINned) quantity. The second plot shows the same data,
with the addition of dotted lines to indicate both plus and minus one standard
deviation. The third plot is the running integral response. The first and third plots are
illustrated below.

The plotted values should not be considered to be exact, since the calculated values
used to make these plots come from a histogram and are not point-wise values.
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Each set of 2-D differential results (BIN structure) specified for a DETECTOR will
generate a plot in the ….ps graphics file. The plot is a density representation of the
results. This may show the histogram nature of your differential BIN structure. An
example is given below.
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For 3D and 4D differential output, users will have to design their own plotting
schemes. For this reason, and to accommodate those who wish to do other things with
the output, all detector results are written into an ASCII file, ….det. Viewing this file
along with the regular COG output, ….out, will readily identify the quantities
contained therein.

Changing Detector Plot Scales/Labels
The COG plots of differential results (BIN structures) always use units of seconds
for time and MeV for energy. You may wish to change these units to get a better
presentation. You may also wish to change the default limits of the COG detector
plots or replace the default plot labels. You do this by specifying, in the lines
following a BIN definition, the plot items you wish to change.
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To change a plot's scale factors, use:

  XCONV = scale-factor

where:

X is a letter which designates the physical quantity to be scaled before plotting.

X is one of:

T Time

E Energy

P Cosine of polar angle

A Azimuthal angle

Y Differential response (always the plot y-variable)

This X convention is used throughout this section.

scale-factor is a number which multiplies the designated values before printing or
plotting. It is used primarily to convert units on plots.

Example: We have specified a detector ENERGY response, and set up a TIME BIN
structure. We now want to scale our TIME BINS so the results will be plotted in
nanoseconds rather than in seconds. We also want our energy results to appear in
keV rather than MeV.

TCONV 1.0E+09  YCONV 1000.
To change a plot's minimum axis value, use:

  XMIN = min-value

where:

min-value is the desired minimum axis value.

To change a plot's maximum axis value, use:

  XMAX = max-value

where:

max-value is the desired maximum axis value.

Example (continued): We want our time axis to run from 0. to 100. ns, and our
energy axis to run from 0.1 to 20. keV.

TMIN 0. TMAX 100.  YMIN 0.1  YMAX 20.
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To use a logarithmic plot axis, specify:

  XLOG

To use a linear plot axis, specify:

  XLIN

To use your own plot label along an axis, specify:

  XLABEL = "...your plot label goes here..."

Example (continued): We want our energy axis to be plotted on a log scale and
labeled appropriately.

YLOG YLABEL = "Energy (keV)"

The plot-control data is entered after the last entry defining a BIN structure (if it
applies to that structure) or after a BIN definition (if it applies to the response).

The BIN structure can be titled by specifying:

TITLE = "...your plot title goes here..."

Example: We have a signal and a background detector, both with photon energy-flux
responses. The results are specified to be differential in time, differential in energy,
and doubly-differential in time and energy.

DETECTOR
  NUMBER SIGNAL
  TITLE "SIGNAL"
  POINT 0. 0. 151.
  DRF-E  PHOTON  ENERGY-FLUX
  BIN T 10 [1.E-7 I 1.E-6]
  BIN E PHOTON 0. 0.1 0.5 1. 2. 3. 4. 5.
  BIN T 10 [1.E-7 I 1.E-6]
      E PHOTON 0. 0.1 0.5 1. 2. 3. 4. 5.

  NUMBER BKGRND
  TITLE "BACKGROUND"
  POINT 5. 0. 151.
  DRF-E  PHOTON  ENERGY-FLUX
  BIN T 10 [1.E-7 I 1.E-6]
  BIN E PHOTON 0. 0.1 0.5 1. 2. 3. 4. 5.
  BIN T 10 [1.E-7 I 1.E-6]
      E PHOTON 0. 0.1 0.5 1. 2. 3. 4. 5.
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Example: Apply re-scaling and re-labeling options to a differential detector result.

DETECTOR
  NUMBER 1
  TITLE "AVERAGE ENERGY FLUX IN LEAD RING"
  REACTION 28 197.3
  MASK-T 0. 1.E-6
  DRF-E  PHOTON  ENERGY-FLUX
  BIN T 10 [1.E-7 I 1.E-6]
    TITLE "AVERAGE ENERGY FLUX VS TIME"
    TCONV 1.E6
    TMIN 1.E-7 TMAX 1.E-6
    TLOG YLIN  TLABEL "TIME (MICROSECONDS)"
    YLABEL "PHOTONS/CM^2-SEC"

Note: The standard plot output for time has units of seconds and the standard plot
output for energy is MeV. These are not changed by units specified in the BASIC
Data Block. If you want other units on the plots, use the XCONV command.
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ANALYSIS Data Block

Plots of Collision Sites
Although the ANALYSIS plot is, strictly speaking, not one of the detector plots,
this feature produces plots which can be very helpful in understanding where the
scatterings are occurring in your problem which contribute to your detector results.
The ANALYSIS plot shows the locations of collisions which occur in a specified
slab volume in your geometry. Each picture can be restricted to show only those
colliding particles which lie within specified energy, age, and/or weight limits. The
ANALYSIS plot helps you see qualitatively what is happening during the random
walk process in regions of interest to you. If you modify SOURCE
IMPORTANCEs, or use a random-walk biasing technique, the ANALYSIS plot can
monitor the effects of these changes on the distribution of scattering events in your
problem. ANALYSIS is a separate Data Block, not a part of the DETECTOR Data
Block. An ANALYSIS Data Block is specified as follows:

ANALYSIS
[NEUTRON / PHOTON]
xtl  ytl  ztl    xbl  ybl  zbl    xbr  ybr  zbr

thickness

{TITLE = ".  .  ."}
{ENERGY = elower  eupper}

{AGE = agelower  ageupper}

{WEIGHT = weightlower  weightupper}

where:

ANALYSIS begins this Data Block (may be given only once).

For each ANALYSIS picture desired, specify the following information:

NEUTRON or PHOTON is the particle-type to be plotted;

xtl  ytl  ztl    xbl  ybl  zbl    xbr  ybr  zbrr  are the top left, bottom left, and bottom right

corners of the desired picture;

thickness is the thickness of the rectangular volume slice in which scatterings will
be tallied for this picture. The volume extends from a plane which lies a distance
thickness/2 below the picture plane, to a plane which lies a distance thickness/2
above the picture plane;

TITLE is the optional ANALYSIS picture title;

ENERGY, AGE, and WEIGHT are optional ranges which limit the collision-site
plotting to incident particles which have values in the specified range(s).
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Example: Specify a neutron ANALYSIS picture to show neutron collisions in a
rectangular volume. Restrict plotting to incident neutrons with energies in the
range (1.,5.) MeV.

ANALYSIS
 NEUTRON 80.  0. 190.$ TOP LEFT CORNER OF PICTURE
PLANE

80.  0.  90. $ BOTTOM LEFT CORNER OF PICTURE
PLANE

200. 0.  90. $ BOTTOM RIGHT CORNER OF PICTURE
PLANE

1.    $ THICKNESS = 1.
TITLE "NEUTRON SCATTERING"
ENERGY 1. 5.

 All energies are in MeV, and distances in cm unless specified otherwise in the
BASIC Data Block.

ANALYSIS pictures are written into the COG graphics file, ….ps. Plots are limited
to 5000 collisions in the specified volume. It will take some experience to gain a
feeling for the information contained in the ANALYSIS pictures. Note that
collisions within the volume are projected onto the central plotting plane. An
example of an ANALYSIS plot is given below. Several more ANALYSIS pictures
are shown in the section The Monte Carlo Random Walk.
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Calculated Detector IMPORTANCE
In the description of the SOURCE Data Block, we saw that the source parameters
(INCREMENT, ENERGY, TIME, ANGLE, PATH) can be biased by an optional
user-specified set of IMPORTANCE values. IMPORTANCE values can also be
specified to modify the Monte Carlo random walk process, as described in the section
The Monte Carlo Random Walk. In every case, the purpose of specifying
IMPORTANCEs is to make the problem run more efficiently by sampling more
frequently those volumes of phase-space which contribute most heavily to the
detector result. The problem for the user, of course, lies in knowing what numerical
values of importance to specify. Fortunately, COG will optionally list, for each
detector in a problem, the relative IMPORTANCEs of SOURCEs and REGIONs to
the detector result. This section describes what these calculated importance values
are, how to get them, and how to apply them.

One way to view IMPORTANCE is that it is the ratio of the result obtained by a

detector specified at P'(e',Ω'
Æ

 ,t), to a unit particle source at some point P(r
Æ

 ,e,Ω
Æ

 ,t)
in the problem's phase space—that is,

       Importance(r
Æ

 ,e,Ω
Æ

 ,t) = Result(e',Ω'
Æ

 ,t) / Source( r
Æ

 ,e,Ω
Æ

 ,t) .

Volumes in phase space with high values of importance contribute heavily to the
result. It is desirable to concentrate the calculational effort on volumes that contribute
most of the result. Locations of low importance values contribute only a little to the
answer and may be de-emphasized. Once you have determined the relative
IMPORTANCEs of the SOURCEs, REGIONs, and/or PATHs in your problem, you
can bias the calculation to run more efficiently.

The COG output file ….out lists some default IMPORTANCE calculations which
are performed on every run. For each detector, COG lists the relative IMPORTANCE
of the various SOURCE INCREMENTs in the problem for scoring in that detector.
For each POINT detector, COG lists the relative IMPORTANCE of the various
REGIONs in your problem for scoring in that detector. If you use the SOURCE-
PATH option, COG will list for each detector the relative IMPORTANCE of each
specified PATH for scoring in that detector.

In addition to these default IMPORTANCE calculations, you can specify optional
IMPORTANCE calculations for each detector which will list the relative
IMPORTANCE of particle SOURCEs or REGIONs. You do this by specifying a set
of IMPORTANCE bins in particle ENERGY, ANGLE, and/or TIME.

With the default IMPORTANCE information, you can make your problem run more
efficiently:

– by specifying more particles in the most important SOURCE INCREMENTs;
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–  by running more particles in the most important PATHs;

–  by using WALK-XX biasing to get more particles to scatter in the most important
regions.

With the optional IMPORTANCE bin values calculated for each detector, you get
IMPORTANCE listed by ENERGY, ANGLE, and TIME. You can use this to make
the problem run more efficiently:

–  by biasing the ENERGY, ANGLE, or TIME-dependences of the particle sources to
more heavily sample the most important parts of each parameter range;

–  by using the WALK-XX options to more heavily sample those parts of parameter-
space (particle ENERGY, ANGLE, TIME, AND REGION) where scattering
contributes most to the detector scores.

The main restriction on calculated importances is that particles must get into all parts
of the problem before a "correct" set of importances can be calculated. This may force
the user to make an educated guess at some form of biasing to get some particles in
all regions of the problem. The calculated importances, particularly if split into
energy, time and region components, will have poor statistics and often require
smoothing to observe the trends in the data.

When you specify an optional IMPORTANCE bin structure to obtain importances by
ENERGY, ANGLE, and/or TIME, you must choose whether the bins are to apply to
SOURCE or REGIONal importances.

If SOURCE is specified, then the importances are calculated for the particle sources.
This means, for example, that if you specify an IMPORTANCE ENERGY bin
structure, the energy which will be sorted into the bins is the initial energy of the
scoring particles, when they were emitted from the SOURCE. Likewise if you ask for
TIME or ANGLE bins, the quantity sorted is the initial value upon particle emission,
for all scoring particles.

If REGION is specified instead, then the energy which will be sorted into ENERGY
bins is the scattered energy of the scoring particles, as they emerged from collisions
in the specified REGIONs. Whenever a particle scores, COG looks back through the
Event History record for the particle, and sorts into the ENERGY, AGE, and/or
ANGLE bins the values the particle had when it emerged from collisions in the
REGIONs.
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where:

The optional REGION specification causes COG to tally importance information for
the REGIONs in the problem.

If the REGION specification is omitted, then COG will tally importance information
for the SOURCE;

ALL or A indicates all REGIONs will be tallied;

reg-ID#  is the number of the one REGION to be tallied;

reg-ID#1  TO  reg-ID#2  indicates REGIONs numbered reg-ID#1 up to and
including reg-ID#2 will be tallied.

The remaining fields specify the usual COG BIN structure(s) for the particle
parameters you are interested in. The optional fields are:

ENERGY or E is the keyword denoting the following bins are in ENERGY;

To get the optional IMPORTANCE calculation performed for a detector, specify:



DETECTOR Data Block
Calculated Detector IMPORTANCE 9/1/02

– 286 –

NEUTRON or PHOTON denotes the particle type;

ei are the BIN edges, in MeV (or in the energy units specified in the BASIC Data
Block);

ANGLE or A is the keyword denoting the following bins are in cosine of the polar
angle;

uref  vref  wref  are the direction cosines of the polar reference direction;

NORMAL indicates the reference direction is normal to the surface. This can be used
only for the special case of a BOUNDARY-CROSSING detector;

mi are the BIN edges, given in cosine of the angle between the polar reference
direction and the particle direction;

TIME or T is the keyword denoting the following bins are in TIME;

ti are the BIN edges, in seconds (or in the units specified for time in the BASIC Data
Block).

COG will list the calculated relative IMPORTANCEs of the BINned parameters for
scoring in the detector. These values may be used as inputs to the next COG run of
this problem by:

–  inserting these calculated IMPORTANCEs into the optional IMPORTANCE fields
of the SOURCE Data Block;

–  biasing the random walk with the WALK-XX commands to create more scattering
contributions in regions of high importance.

The section Random Walk Biasing Examples includes several examples of how
detector calculated IMPORTANCEs are used and should be referred to for more
information.

Note: the calculated DETECTOR IMPORTANCE values can seldom be taken verbatim
from the output file and inserted directly into your input file; rather they should be used to
guide your choice of importance values for SOURCE or WALK-XX biasing.

Example: In this example we ask COG to calculate IMPORTANCEs by REGION and
ENERGY, for scoring into a BOUNDARY-CROSSING photon detector.

DETECTOR
NUMBER 10
BOUNDARY  10 11 9.534E-4
DRF-E  PHOTON  ENERGY-FLUX
BIN E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION  1  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION  2  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
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IMP  REGION  3  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION  4  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
. . .
IMP  REGION  9  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 10  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 11  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.

The output for this case shows the calculated IMPORTANCEs by REGION and
ENERGY BIN. An average IMPORTANCE is also computed for each REGION by
summing over all the ENERGY BIN values, i.e. it is the IMPORTANCE one would
calculate for a single ENERGY BIN covering the specified energy range.

IMPORTANCE RESULTS BASED ON COLLISIONS IN REGION  1 FOR
DETECTOR 10
     bin specifications               importance
      photon energy - mev       value    std.dev.   fsd
   .000E+00 TO  1.000E-01     .000E+00   .00E+00   .000
  1.000E-01 TO  3.000E-01     .000E+00   .00E+00   .000
  3.000E-01 TO  5.000E-01    3.389E+02  3.20E+01   .094
  5.000E-01 TO  7.000E-01    1.634E+03  2.85E+02   .174
  7.000E-01 TO  9.000E-01    2.551E+03  2.89E+02   .113
  9.000E-01 TO  1.000E+00    4.081E+03  3.76E+02   .092
                  average    1.620E+02  1.12E+01   .069
IMPORTANCE RESULTS BASED ON COLLISIONS IN REGION  2 FOR
DETECTOR 10
     bin specifications               importance
      photon energy - mev       value    std.dev.   fsd
   .000E+00 TO  1.000E-01     .000E+00   .00E+00   .000
  1.000E-01 TO  3.000E-01     .000E+00   .00E+00   .000
  3.000E-01 TO  5.000E-01    1.235E+03  1.21E+02   .098
  5.000E-01 TO  7.000E-01    3.171E+03  6.98E+02   .220
  7.000E-01 TO  9.000E-01    6.882E+03  9.60E+02   .139
  9.000E-01 TO  1.000E+00    1.209E+04  2.24E+03   .185
                  average    1.548E+02  1.45E+01   .094
IMPORTANCE RESULTS BASED ON COLLISIONS IN REGION  9 FOR
DETECTOR 10
     bin specifications               importance
      photon energy - mev       value    std.dev.   fsd
   .000E+00 TO  1.000E-01    9.586E+03  1.34E+03   .140
  1.000E-01 TO  3.000E-01    1.519E+04  1.07E+03   .070
  3.000E-01 TO  5.000E-01    1.732E+05  1.57E+04   .090
  5.000E-01 TO  7.000E-01    7.611E+05  7.69E+04   .101
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  7.000E-01 TO  9.000E-01    2.885E+06  5.39E+05   .187
  9.000E-01 TO  1.000E+00    1.396E+07  8.76E+06   .627
                  average    9.544E+03  4.72E+02   .049
IMPORTANCE RESULTS BASED ON COLLISIONS IN REGION  10 FOR
DETECTOR 10
     bin specifications               importance
      photon energy - mev       value    std.dev.   fsd
   .000E+00 TO  1.000E-01    3.067E+04  1.95E+03   .064
  1.000E-01 TO  3.000E-01    4.717E+04  2.28E+03   .048
  3.000E-01 TO  5.000E-01    6.668E+05  6.09E+04   .091
  5.000E-01 TO  7.000E-01    2.799E+06  4.24E+05   .151
  7.000E-01 TO  9.000E-01    9.447E+06  1.03E+06   .109
  9.000E-01 TO  1.000E+00    5.942E+07  2.33E+07   .392
                  average    2.660E+04  1.15E+03   .043
IMPORTANCE RESULTS BASED ON COLLISIONS IN REGION 11 FOR
DETECTOR 10
     bin specifications               importance
      photon energy - mev       value    std.dev.   fsd
   .000E+00 TO  1.000E-01    5.905E+04  3.74E+03   .063
  1.000E-01 TO  3.000E-01    1.275E+05  1.48E+04   .116
  3.000E-01 TO  5.000E-01    1.620E+06  7.22E+05   .446
  5.000E-01 TO  7.000E-01    3.000E+06  4.29E+05   .143
  7.000E-01 TO  9.000E-01     .000E+00   .00E+00   .000
  9.000E-01 TO  1.000E+00     .000E+00   .00E+00   .000
                  average    5.141E+04  5.03E+03   .098
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The Monte Carlo Random Walk

Analog vs. Biased Monte Carlo
We begin by introducing several concepts; analog random walk, particle weight,
biasing, and figure-of-merit.

An analog random walk is characterized by the absence of random walk modification
techniques, i.e. the history of the random walk is determined solely by the
probabilities governing the particle's elementary processes. This is the default COG
random walk process. You get this unless you specify a WALK-XX modification (see
the section Random Walk Modification Techniques).

The particle weight is a particle property, one of several—particle type, position,
direction, age, weight—which describe the state of a particle. Weight is the
contribution a particle makes when it is scored by a particle detector. For example,
two particles each of weight 1/2 are equivalent in scoring to one particle of weight 1.
The weight can be thought of as the number of physical particles associated with each
COG particle. Particle weights are affected by biasing or by reaction multiplicities
(e.g. the two neutrons exiting the n,2n reaction may be followed as a single neutron
having twice the weight of the incoming neutron).

Biasing (or random walk modification) techniques alter the probabilities governing a
particle's elementary processes to achieve some desired effect, e.g. to increase the
sampling from important regions of phase space. If a problem is biased, each
particle's weight must be automatically and appropriately adjusted so as to obtain
unbiased results from the now biased problem. Within the same problem, different
detectors are generally responsive to different regions of phase space—either the
detectors are in different physical locations, are sensitive to different particle types or
different energy ranges, etc. Biasing tends to force particles toward one selected point
in phase space; therefore a given set of random walk modifications will generally
improve results at only one detector while producing poorer results at all others.

The figure-of-merit of a detector result (which has meaning only within the context of
a specific problem) is simply the inverse of the product of the detector result variance
and the problem running time. Since the variance, or square of the standard deviation,
is inversely proportional to the number of particles run, and the running time is
directly proportional to the number of particles run, the product should be a constant.
The figure-of-merit is intended to monitor the efficiency of the code as various
biasing techniques are tried and retried. When the figure-of-merit increases, it means
the current biasing has improved the result (i.e., a better variance in the same running
time) and more biasing along the same line may be warranted (see the following
section Random Walk— Figure-of-Merit (FOM)).
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To see the need for biasing consider the following hypothetical problem. Particles
leave the source and travel a torturous, many-mean-free-path trajectory to reach the
detector. For example, assume only one source particle in 106 reaches the detector.
(Deep penetration problems are characterized by scoring probabilities this small or
smaller.) Further assume COG processes an average of 1000 particles in one second.
Therefore one can expect an average of one detector score every 1000 seconds. To
first order, the uncertainty in an answer goes inversely as the square root of the
number of scoring events. Hence to get an answer with 10% uncertainty requires 100
scores or about 28 hours of computing time; a 3% uncertain answer would require
almost two weeks! Appropriate biasing techniques may allow this problem to be
calculated to 3% uncertainty in a few hours or less. Indeed there are significant
numbers of problems that can only be calculated in any reasonable amount of time by
using biasing techniques.

If they are so powerful, why aren’t biasing techniques used all the time? Random
walk modification techniques are usually termed "variance reduction techniques".
Unfortunately, the very act of biasing introduces a spread in the particle weights and,
therefore, may significantly increase the variance of the problem answer, for a fixed
run time. Biasing is something of a two edged sword; it has the potential for
significant computer time savings, but if used incorrectly biasing will increase the
running time required to compute an accurate solution. The effect of biasing a
problem is to increase the sampling of certain parts of the problem phase space at the
expense of other parts. If the increased sampling occurs in regions which contribute
most significantly to the problem solution, then the biasing will succeed and running
times will decrease. If the converse occurs, then problem solution times will increase
over the non-biased case. However, even in the case where bias is erroneously
applied, the solution will still be valid if the problem is run long enough. (But note
that a valid solution may not be obtained if the user has instructed COG to never
sample some regions of his problem.) The remainder of this section along with the
following examples will provide some general guidelines.

To achieve a fast and accurate problem solution, ideally one might like the transport
code to implement one or more random walk biasing techniques automatically. There
have been attempts to do this, and some codes have been written with various
automatic biasing methods built into them. Most of the automatic techniques were
found to work well only with a fairly fixed type of problem—they made some other
types of problems run much worse. COG does not include any automatic technique;
however, it does produce output that enables the user to look at a short problem run,
determine what is happening, and then bias the problem so that it will run more
efficiently.

A user should generally make use of only one or two of these random walk
modification techniques in the same problem. We allow a great range of choice, to
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accommodate different types of problems. While each of the options has occasions
where it should or shouldn't be used, the choice is often a matter of personal taste.
Thus, splitting and path stretching accomplish the same thing and are mathematically
equivalent. In following sections we discuss each of the modification techniques in
some detail.
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Random Walk
IMPORTANCE

In the description of the SOURCE Data Block, we saw that the SOURCE parameters
(INCREMENT, ENERGY, TIME, ANGLE, PATH) can be biased by an optional
user-specified set of IMPORTANCE values. IMPORTANCE values can also be
specified to modify the Monte Carlo random walk process. In every case, the purpose
of specifying IMPORTANCEs is to make the problem run more efficiently by
sampling more frequently those volumes of phase-space which contribute most
heavily to the detector result.

One way to view IMPORTANCE is that it is the ratio of the result obtained at a
specified detector to a unit particle source at some point

( r
Æ

 ,e,Ω
Æ

,t)  in the problem's phase space—that is,
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 ,e,Ω
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Æ
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Places in phase space with high values of importance contribute heavily to the
result. It is desirable to concentrate the calculational effort on areas that contribute
most to the result. Places with low importance values contribute only a little to the
answer and may be de-emphasized. Once you have determined the relative
IMPORTANCEs of the SOURCEs, REGIONs, and/or PATHs in your problem, you
can bias the calculation to run more efficiently.

The problem for the user, of course, lies in knowing what numerical values of
IMPORTANCE to specify. Fortunately, COG will optionally calculate for each
DETECTOR in a problem, the relative IMPORTANCEs of SOURCEs and REGIONs
to the DETECTOR result. The details are given in the section Calculated Detector
IMPORTANCE. The examples at the end of this chapter also show some examples
of using IMPORTANCEs. COG automatically compensates the DETECTOR results
for the IMPORTANCE values used, and in a statistical sense the use of
IMPORTANCEs leads to an unbiased result.
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Random Walk
Figure-of-Merit (fom)

The figure-of-merit, fom, for a calculation is defined as the inverse of the product of
the square of the fsd and the problem running time, i.e.

fom = 1. / (fsd2 x (problem-running-time))

where the fsd is the fractional standard deviation, i.e. the standard deviation divided
by the result. As you try different schemes for modifying the random walk, you will
want to know how successful you have been for a given problem. The standard
measure of this is the figure-of-merit. The more efficient the calculation the higher
the fom.

The figure-of-merit is intended to monitor the efficiency of the code on a given
problem as various biasing techniques are tried. The figure-of-merit, strictly speaking,
applies only to a given problem on a given machine and should not be used to
compare calculations of different problems. When the figure-of-merit increases, it
means the current biasing technique has improved the calculation and more biasing
along similar lines may be warranted. To first order the fsd is inversely proportional
to the square root of n, i.e., fsd ~ 1/√n, where n is the number of particles processed,
while the problem-running-time is directly proportional to n. Hence, the figure-of-
merit should be approximately independent of n for a well-behaved problem. If a
biasing technique is applied and it results in a more efficient calculation, then the fsd
will be smaller for a given n, and the fom will be larger.

But note that a small fsd in itself does not necessarily mean that COG has converged
to the right answer. In the section Understanding Your COG Run, we show how
under sampling may yield wrong results that have small fsd's. The user must carefully
review COG output files and pictures to be sure that all parts of the problem
important to the result have been adequately sampled.
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Random Walk Modification Techniques:
The WALK Data Block

SUMMARY OF COG RANDOM WALK MODIFICATIONS

Biasing Technique Description Walk-
values

WALK–XX General description of Region and Energy
specifications used by all WALK blocks

WALK–AGE Termination based on age tco
WALK–BC Splitting/Russian roulette at a boundary

crossing
Ival

WALK–COLLISION Splitting/Russian roulette at a collision site b
WALK–ENERGY Terminate low-energy particles Ecut
WALK–FC Forced collisions none
WALK–FPP Fast photon physics level
WALK–ISOTOPE Force reactions in a specified isotope ZA
WALK–PRODUCTION Secondary production control none
WALK–PS Path stretching (exponential transform) q refdir
WALK–REACTION Force a specified reaction reactno
WALK–SDB Scattered direction bias b refdir
WALK–SURVIVAL Survival of particle undergoing a collision none
WALK–WT Splitting/Russian roulette using statistical

weights
minwt
maxwt

-------------------------------------------------------------------------------------------------------------
SOURCE-PATH Defines a set of particle paths, extending from the

SOURCE through selected scattering REGIONs. (see the
section SOURCE-PATH Option).

SOURCE Source biasing (see the section Source IMPORTANCEs).
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Biasing Technique Walk-values  Definition
AGE tco  time cutoff,
BC Ival  importance ratio

COLLISION b  splitting ratio
ENERGY Ecut         low-energy cutoff

FPP level  approximation level, 0 < level < 3
ISOTOPE ZA  ZA-ID of isotope (e.g., 13027 for Al)

PS q
refdir

 stretching parameter, –1 < q < 1
reference direction specification

REACTION reactno  reaction # (e.g., 12, for (n,2n))
SDB b

refdir
 strength parameter, b > 0
reference direction specification

WT minwt
maxwt

 minimum weight
maximum weight

WALK-XX
How to Specify WALK Parameters

Throughout the following sections, we use WALK-XX as a notational convention to
refer to any of the random walk modification blocks, which are all named beginning
with "WALK-". All WALK-XX blocks require you to define the volumes of phase-
space to which they apply, in terms of particle TYPE, REGION, and ENERGY.

For each particle type, defining the phase-space means specifying a two-dimensional
grid that lists REGION number against particle ENERGY.
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Each WALK-XX Data Block has this form:

WALK-XX

particle-type   
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È
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 . . .
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particle-type   
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e3  TO  e4    walk-value2

 . . .

Where:

particle-type is one of: NEUTRON, PHOTON (or aliases);

ALL or A denotes all REGIONs;

rid# is the number of the single REGION specified;

rid#1 TO rid#2 specifies REGIONs numbered rid#1 up to and including rid#2;

e1 TO e2 ... denote ENERGY ranges. Energies are in MeV unless specified otherwise
in the BASIC Data Block;

walk-value1 ... are appropriate random-walk-modification-parameters for this
particular WALK-XX, to be applied to this specified range of REGION and ENERGY
(i.e. the specified phase-space cell).

For example, for WALK-AGE the walk-value is tco, the AGE cutoff value. For
WALK-PS the walk-values are q (the path-stretching parameter) and refdir (a
reference direction specification).

Note the order in which WALK-XX parameters are specified: The particle-type is
first, followed by one REGION specification, followed by a set of ENERGY cells
for that REGION. Each energy-cell specification is followed by the random-walk-
modification-parameter value, to be assigned to this phase-space cell. Another
REGION is then specified, followed by its set of energy-cell specifications and
random-walk-modification-parameter values. When all REGIONs have been
specified for the first particle-type, the next particle-type and its REGION/ENERGY
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Example: A general WALK-XX specification.

WALK-XX
NEUTRON REGION 1 TO 7 ENERGY 0. TO 1. walk-value

ENERGY 1. TO 5. walk-value
ENERGY 5. TO 20. walk-value

REGION 8 TO 10 ENERGY 0. TO 1. walk-value
ENERGY 1. TO 10. walk-value

PHOTON REGION 1 TO 3 ENERGY 0. TO 20. walk-value
REGION 4 ENERGY 0. TO 20. walk-value
REGION 5 TO 10 ENERGY 0. TO 1. walk-value

ENERGY 1. TO 20. walk-value

Each particle-type may occur only once in a specific WALK-XX Data Block. The last
specification overrides any previous specification; i.e., if for NEUTRON, the entry
REGION 8 TO 10 had been REGION 7 TO 10, then REGION 7 would be defined
twice and would be specified by the latter energy ranges and walk-values rather than
the former.

grid can be specified. The WALK-XX modification applies only to the specified
REGIONs and ENERGY cells.
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WALK-AGE
Particle Termination Based On Age

WALK-AGE is a random-walk modification that allows terminating a particle based
on its AGE. The walk-value is the cut-off time tco for particle AGE. (Time units are
seconds unless specified otherwise in the BASIC Data Block.) A particle's AGE is
equal to its time of birth (at the source or at a collision point) plus the travel time to
its current position.

WALK-AGE terminates a random walk when the particle has reached the specified
AGE cut-off either when crossing a boundary or upon exiting a collision. All particles
in the specified volume of phase space whose AGE, after a collision, exceeds tco, are
"counted" and "killed", i.e. the current weight and energy are appropriately tallied and
the particle is discarded. Normally, AGE termination is used when you know that
particles of AGE > tco cannot contribute to the events of interest in your detector. tco
must be large enough for the particle to transit from the source region to the detector
region. Beware of killing neutrons too soon, because slow neutrons can produce fast
photons, making some transit times a composite of neutron and gamma flight times.

Because AGE checks are done after each boundary crossing or collision, detectors
may count particles that are too old or secondaries may be produced by primaries that
are too old. A detector time mask could be used to remove this uncertainty.

AGE termination is very straightforward and normally produces no unusual effects,
other than those listed above. A late time particle can not produce any effect at an
earlier time regardless of what it does. An incorrect tco larger than the desired or
proper value just makes the problem run longer. A smaller than proper value results
in an underestimate of the true result.

Example: Neutrons in all REGIONS which exit a collision with energy between 0.
and 30. MeV and with AGE greater than 1.E-7 seconds will be terminated.

WALK-AGE
NEUTRON  REGION ALL  ENERGY 0. TO 30.  1.E-7

Energies are in MeV and times are in seconds unless otherwise specified in the
BASIC Data Block.
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WALK-BC
Splitting/Russian Roulette at a Boundary

WALK-BC is a random walk modification which will split (increase) or Russian-
roulette (decrease) the number of particles which cross a boundary between problem
REGIONs. The walk-value is the relative IMPORTANCE value Ival of the
REGION/ENERGY phase-space cell.

Whenever a particle crosses a boundary between problem REGIONs, COG uses the
parameter b, to control the average number of particles exiting from the boundary
crossing—where b is defined as the ratio of the IMPORTANCEs of the REGIONs,
i.e.

b = Ival-of-the-REGION-entered / Ival-of-the-REGION-left  .

If b > 1, then splitting is applied to the particle—more particles enter the new
REGION than leave the old REGION. If b < 1, then Russian roulette is applied to the
particle—fewer particles enter the new REGION than leave the old REGION. The
splitting/Russian roulette process is applied here just as it is for the WALK-
COLLISION modification (see the section WALK-
COLLISION—Splitting/Russian Roulette at a Collision).

IMPORTANCEs not specified in the input are automatically set to one.

Note: Splitting or Russian roulette applies only to the specified particle-type.
Gammas produced by neutrons are not affected (split or killed) by a neutron
specification.

For a problem with a set of splitting boundaries between the source and the detector, a
general guide for setting splitting parameters is that approximately the same number
of random walk particles should cross each boundary. Although the degree of
splitting depends in detail upon the energy of the particle and material of the
REGIONs, in general particles should be split ~2.7 to 1 at boundaries spaced roughly
one mean free path apart. Rough estimates of "appropriate" boundary locations
usually pay dividends in reduced calculational time for a given statistical accuracy.

The use of boundaries to determine where things are to be modified gives the user
considerable control. It also requires more effort defining the problem. COG does not
consider the value of particle weights when deciding to split or kill. This eliminates
some pitfalls but may not achieve some desired effects.

All the comments, caveats and warnings made about Russian roulette and splitting in
the WALK–COLLISION section apply to WALK–BC also.
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Example: Neutrons from 0 to 30 MeV leaving REGION 1 and entering REGION 2
are split in 2 (the ratio of IMPORTANCEs is 2/1); those moving from REGION 2 to
REGION 1 play Russian roulette with a survival probability of 0.5 (the ratio of
IMPORTANCEs is 1/2).

WALK-BC
  NEUTRON  REGION 1  ENERGY 0. TO 30.  1.
           REGION 2  ENERGY 0. TO 30.  2.

The last number on each line is the relative importance of the phase-space region.

Energies are in MeV unless otherwise specified in the BASIC Data Block.
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WALK-COLLISION
Splitting/Russian Roulette  at a Collision

Splitting and its complementary operation Russian roulette represent the oldest and
most successful biasing techniques used to modify the random walk process for deep
penetration studies. To illustrate a WALK-COLLISION use, assume a thick slab of
material, many mean free paths thick. A source of particles is near one end of the slab
and the detector at the other. For materials greater than 10 mean free paths (mfp)
thick, the flux exiting the slab will be attenuated on the order of mfp/2.3 decades.
This implies that for every 10,000 or so particles released from the source, only one
would be expected to penetrate to the detector region. We could increase the number
reaching the detector if, at every collision site in the slab, we could split each particle
into b new particles each of weight w/b, where w is the incoming particle weight.
This would improve detector statistics (by increasing the number of scoring particles)
while maintaining the correct answer (through our weight adjustment).

WALK-COLLISION is a random walk modification which will split (increase) or
Russian-roulette (decrease) the number of particles which emerge from a collision
site. The walk-value is the parameter b, which controls the number of particles which
emerge from a collision.

b is defined as the desired number of particles exiting a collision (on average),
divided by the number entering the collision, i.e.

b = # particles exiting collision / # particles entering collision  .

Particle splitting (b > 1) is used to increase particle density in important phase-space
volumes. Russian roulette (b < 1) is used to reduce the number of unimportant
particles. For b = 0.5, statistically one half of all exiting primaries will be killed and
the remaining half, with their weights doubled, will continue to be followed. For b =
1., a normal random walk will result with no Russian roulette or splitting. For b = 1.5,
statistically one half of the exiting primaries are unmodified and the remainder are
split into two particles, each with half the weight of the original particle. For b = 2.3,
statistically 3/10 of the exiting primaries are split into three particles, with weight 1/3
of original weight, while the remainder are split into two particles, with weight 1/2 of
original weight.

One of the nice features of collision splitting is that the relative distance between
splitting events is determined by the cross section properties of the material being
traversed. It is not necessary to establish boundaries roughly one mean-free-path
apart; the technique itself spaces the splitting and Russian roulette events at collision
sites.
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Normally, splitting and Russian roulette are treated as separate modifications but
within COG we have combined them, so a problem can use only one at a given
position in space and energy.

Note: Splitting or Russian roulette applies only to the specified particle-type.
Gammas produced by neutrons are not affected (split or killed) by a neutron
specification.

Example: Kill off all photons (b = 0.) which exit collisions in REGION 5 with
energies below 0.5 MeV.

WALK-COLLISION
  PHOTON  REGION 5  ENERGY 0. TO 0.5    0.

Example: Russian roulette at a collision, with survival probability of 0.5, neutrons in
all REGIONs with energies below 0.1 MeV; split in 2 neutrons exiting a collision in
all REGIONs with energies above 5 MeV.

WALK-COLLISION
  NEUTRON  REGION ALL  ENERGY 0. TO 0.1  0.5
                       ENERGY 5. TO 30.  2.

Energies are in MeV unless otherwise specified in the BASIC Data Block.

Values of b may take on any positive value and are not limited to those examples
given above. Often, b has values greater than 1 at high particle energies and less than
1 at low energies, i.e. split at high energies and play Russian roulette at low energies.
Similarly, at regions in phase space where the importance is high, b should be greater
than 1, and where the importance is low, b should be less than 1.

A drawback to splitting is that you may over split. One source particle can be divided
so often that there are thousands of particles being scored at the detector per source
particle. It is easy to forget that the source has not been sampled sufficiently enough
to obtain a good result or that adequate initial paths have not been followed. COG
indicates this by summing all detector results over a single source particle before
statistical parameters are calculated.

Another drawback to splitting is its effect on some neutron problems. It is easy to get
a situation where a neutron scatters hundreds of times before it is eventually absorbed
or is lost from the system. If even modest splitting were being done at each of these
collisions, the population of neutrons could grow without bound and the code would
never finish processing the original neutron and all its split progeny.

In COG, splitting and Russian roulette occur independently of the weight of the
particle. It is not difficult to devise a problem where particles of very low weight
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contribute almost all of the score to a time-dependent detector result, while the
higher-weight particles contribute little. If splitting or Russian roulette were made
dependent on particle weight, very wrong answers would be obtained in this case. By
not considering particle weight, COG does not get into trouble with this form of
splitting.

Russian roulette is not a precisely fair game, i.e. a particle's weight is conserved only
in a statistical sense. Russian roulette is played by comparing a random number to b.
Random numbers are uniformly distributed between zero and one, so a fraction b of
all random numbers have values less than b. If the selected random number, r, is less
than b then the particle survives and its weight is multiplied by 1/b, while if r is
greater than b the particle is killed, i.e. its weight is set to zero and it is no longer
followed. Suppose 10 weight 1 particles undergo Russian roulette with a b of 0.7. If
exactly 70% survive then the resultant total weight is 7(1/0.7) + 3(0) = 10, which is
just the initial total weight—a fair game. But it could easily happen that less than 7,
say 6, survive, then 6(1/0.7) + 4(0) = 8.57 < 10—a net loss in weight; or more than 7,
say 8, survive, then 8(1/0.7) + 2(0) = 11.43 > 10—a net gain in weight. The "lost"
particles are locally deposited, producing a positive energy deposition entry under
Russian roulette in the Summary Tables. The "gained" particles are created, resulting
in a negative energy deposition entry.

Splitting, on the other hand, is always a fair game, even though the splitting factor is
only statistically attainable. Splitting is done by comparing a random number, r, to b -
[b], where [b] is the integer part of b. If r is less than b - [b] the particle is split into
1+ [b] particles, with each weight multiplied by 1/(1+ [b]). If r is greater than b - [b],
the particle is split into [b] particles, each with a weight 1/[b] times the original
weight. For example, if b = 2.73, then (statistically) 73% of the particles are split into
3 and the remaining 27% are split into 2. Because all the particle weights have been
adjusted by the number of particles into which they were split, the total initial weight
is conserved and the game is always fair.
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WALK-ENERGY
Particle Termination Based On Energy

Transport of low-energy particles is stopped by use of this option. When a particle’s
kinetic energy drops below a user-specified threshold, tracking of the particle is
terminated and the residual energy is dumped at the current location. This is a time-
saving feature which can safely be used in regions where it is known that low-energy
particles cannot contribute to the desired detector score.

 The walk-value is the low-energy cutoff value Ecut, which applies to particles in a
specified region.

Example: Kill off all neutrons in REGIONS 1-4 which have energies below 0.010
MeV, and also all neutrons in REGION 10 which have energies below 0.001 MeV.

WALK-ENERGY
  NEUTRON  REGION 1 TO 4  0.010
           REGION  10     0.001

Energies are in MeV unless otherwise specified in the BASIC Data Block.

Note: The usual WALK-Block ENERGY syntax, “ENERGY xxx TO xxx”, is NOT
used with the WALK-ENERGY option.
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WALK-FC
Forced Collisions

In some types of problems, the particles arriving at a detector come predominately
from a particular scattering region of the geometry (a scattering foil, say). If the
scattering region is thin, most particles arriving at the scattering region will pass on
through it without interaction, and thus few will score in your detector. If a successful
problem result depends on having many collisions in this thin region, then you will
have to run a very large number of source particles to get a meaningful number of
collisions and an acceptable detector result. WALK-FC is a random walk
modification which provides a way to solve this type of problem by forcing collisions
to occur where desired. No walk-value needs to be specified.

When a particle encounters a REGION designated by the user as a WALK-FC
(forced collision) region, it will be split into two particles. One particle will go
through the region without interaction, while the other will be forced to have a
collision. The particle forced to have a collision will not be allowed to have another
forced collision during the remainder of its random walk. The other particle may
undergo another forced collision if it encounters another WALK-FC region.

Note: One of the peculiarities of the WALK-FC biasing is that it does not apply to the
SOURCE region, even if REGION ALL is specified. The particle has to encounter a
boundary before it is tested to see if it is in a WALK-FC region. If it is born in a
particular region it can transit that region and exit without ever being forced to
collide. The effect of having forced collisions in the SOURCE region would be to
essentially double the number of particles in the problem. If forced collisions are
desired near the SOURCE, the problem should be devised so that another region
closely surrounds the SOURCE region (e.g. place a small sphere around a POINT
SOURCE).

Caution: Just like the WALK-SURVIVAL technique, WALK-FC can give you many
random walk events based upon just a few histories. Be aware of how many events
are taking place and whether you have created too many forced collision events. It is
also possible to force collisions in a thick region. In this case, the exit particles
represent uncollided particles, and the forced collisions will all be toward the entry
point of the region. Both of these scenarios can yield incorrect histories. The WALK-
FC method was designed for thin regions—those less than about 0.1 mean-free-
paths in thickness. If the region is thicker than this, you should probably not use this
method.
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  NEUTRON  REGION 3 ENERGY 0. TO 30.

Energies are in MeV unless otherwise specified in the BASIC Data Block.

Example: Force NEUTRONS of all energies entering REGION 3 to collide.

WALK-FC
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WALK-FPP
Fast Photon Physics

This feature speeds up transport of photons by replacing COG’s normal physics
models with faster approximate-physics versions. Of course, this feature should only
be used in problems where these approximations are warranted. The walk-value to be
specified is the level of approximation level, which takes on integer values from 0 to
3. Higher values of level correspond to more approximate scattering physics.

level = 0  gives the normal COG full physics; all reactions are fully treated. These
reactions include Rayleigh, photoelectric, Compton, pair and triplet production, and
(gamma,n) reactions.

level = 1  gives these photon scattering approximations:

Photoelectric reactions are treates as pure absorption events;

 (g,n) reactions do not occur.

level = 2  is the same as 1, with this additional approximation:

Rayleigh events do not scatter the photon;

level = 3  is the same as 2, with this additional approximation:

Compton scattering does not use form-factors;

The greatest single time-saving approximation for most jobs arises from treating the
photoelectric reaction as a pure absorption, saving the time required to sample the
relaxation data for the target atom and transport the secondaries. In many cases the
secondary particles may be too low in energy to contribute to scores at a distant
detector, and so can be safely ignored.

Example: Turn on Fast Photon Physics, using approximation level 2.

WALK-FPP
  PHOTON  REGION 3 ENERGY 0. TO 30.   2

Energies are in MeV unless otherwise specified in the BASIC Data Block.
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WALK-ISOTOPE
Forced Collision with an Isotope

The WALK-ISOTOPE feature is used to force scattering with a particular isotope of a
target material. This is an efficiency measure used to increase the number of particle
collisions with an isotope which is scarce but important to the detector result. The
walk-value is ZA, the isotope’s ZA-ID number.

Example: Force neutron collisions with N
15

 in the specified region.

WALK-ISOTOPE
  NEUTRON  REGION 3  ENERGY 0. TO 30.   7015

Energies are in MeV unless otherwise specified in the BASIC Data Block.

At every collision in the designated regions of the specified particle whose energy lies
in the specified energy range, two collisions are made to occur. The incident particle

is split into two particles, which are given weights in the ratio of µi/(µt - µi), where µi

is the total cross section of the specified isotope, and µt is the total cross section of the

material. The particle labelled with weight µi is forced to collide with the specified
isotope, while the other particle collides with an isotope sampled from the remaining
isotopes in the material. This is a fair game, because the weights are adjusted by the
relative probabilities of scattering. This method also generates the correct flux field,
as would be found from an analog calculation.

Notes: particle-type must be NEUTRON or PHOTON.
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WALK-PRODUCTION
Secondary Particle Control

The WALK-PRODUCTION is a random-walk modification used to suppress all
gamma production from neutron collisions. For WALK-PRODUCTION, particle-
type must be NEUTRON; no walk-value needs to be specified.

This option prevents COG from following secondary particles from REGIONs which
the user knows cannot make a significant contribution to the detector results. This
saves computational time. No adverse effects can occur unless the suppressed
particles really would have made a significant contribution.

Example: Suppress secondary (gamma) production by neutrons in REGIONs 2 and 4
for ENERGIES below 0.5 MeV.

WALK-PRODUCTION
  NEUTRON  REGION 2  ENERGY 0. TO 0.5
           REGION 4  ENERGY 0. TO 0.5

Energies are in MeV unless otherwise specified in the BASIC Data Block.
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WALK-PS
Path Stretching/Exponential Transform

WALK-PS is a random walk modification which increases the distance a particle
travels before colliding. In a deep-penetration problem one often wishes to generate
particle collisions in some region distant from the source, where scatterings are
thought to contribute heavily to a detector result. In an analog random walk, it may
happen that too few source particles make it to this volume to give good detector
statistics. WALK-PS allows you to reduce the effective number of mean free paths
between the source and the volume of interest, so that many particles can arrive and
scatter at this location. The walk-value is the path stretching parameter q, and the
preferred direction specification refdir. These are described below.

The theoretical basis for this method is as follows. Within a volume containing a
single material, the probability of a particle traveling a distance x along its line of
flight without colliding, and then undergoing a collision in the next incremental
distance dx is:

p(x)dx = exp(-∑tx) ∑tdx ,

where ∑t is the macroscopic total cross section of the material and has units of

probability-of-a-collision per unit length. Setting r, a random number on the interval
[0,1], equal to the cumulative probability distribution P(x) gives:

r = P(x) = ∫
0

x

exp (-∑ts) ∑tds = 1 - exp (-Stx) .

Solving for x yields:

x = -ln (1 - r) / ∑t  .

Since 1 - r is distributed the same as r, we obtain the well-known expression for the
distance, x, to the next collision:

x = -ln(r) / ∑t

Choosing r uniformly on the interval [0,1] generates values of x which are
exponentially distributed as p(x). This is how COG selects the particle next-free-
flight distance. For deep-penetration problems, the next-free-flight distance
calculation can be modified to emphasize particles going toward the volume of
interest and de-emphasize particles going in the other directions. When path
stretching is employed, we substitute for ∑t in the next-free-flight distance an

effective cross section ∑t
eff:
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∑t
eff = (1 - q µ)∑t  .

The quantity µ is the cosine of the angle between the particle's direction of travel and
the preferred direction, and is calculated by the code for each particle interaction. To
determine this angle a preferred direction refdir must be specified as part of the walk-
value.

q is the user-specified path stretching parameter, and must fall within the range [-
1,1]. For q > 0 particles are preferentially moved toward the reference direction, for q
= 0 the method is not used, and for q < 0 particles are preferentially moved away
from the reference direction.

The reference direction (refdir) can be specified using any one of the following
reference direction forms:

POINT   x y z

the reference direction is from the particle position towards a POINT at (x, y, z);

Î
Í
Í
È

˚
˙
˙
˘SPHERE

SPH
S

   r  x y z

the reference direction is from the particle position towards the closest point on a
SPHERE of radius r, with center at (x, y, z);

Î
Í
Í
È

˚
˙
˙
˘CYLINDER

CYL
C

   r  x1 y1 z1  x2 y2 z2

the reference direction is from the particle position towards the closest point on a
CYLINDER of radius r  defined by two points on its axis, (x1, y1, z1) and (x2, y2, z2);

ÎÍ
È

˚̇
˘RING

R    r  x1 y1 z1  x2 y2 z2

the reference direction is from the particle position towards the closest point on a
RING of radius r, with center at (x1, y1, z1) and with a point on its axis at (x2, y2, z2);

Î
Í
Í
È

˚
˙
˙
˘DIRECTION

DIR
D

   u v w

the reference direction is in the DIRECTION defined by direction cosines (u, v, w).
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Path stretching is a powerful technique for deep penetration problems. Obviously, one
of the problems with this technique is how to determine the proper value of q to use
in any specific problem. A single value of q used throughout all of phase space rarely
provides a good solution. The value of q should at least depend on significant
regional differences. To understand the choice of q one should understand the physics
of particle movement through materials. One general rule is that if you wish to go
some number of mean-free paths in the reference direction (µ = 1), choose:

q ª 1 - 1/mfp

where mfp is the desired number of mean-free paths—this has the effect of
"condensing" mfp mean-free paths to 1 mean-free path. For example, this equation
would imply that for a region which is 20 mean-free paths distant from the source,
then q ª 0.95. A region only 5 mfps away would use q ª 0.8. A region only one mfp
away probably should not use the path stretching technique (q = 0).

Too small a q will not achieve the desired particle penetration. Too large a q will
move particles through the region with little or no interactions. Both situations may
lead to invalid results due to inadequate sampling of phase space.

A note of caution concerning WALK-PS path stretching. In a neutron transport
problem, the neutrons that reach the vicinity of the detector typically fall into two
broad categories, those with high energy that have scattered only a few times and
those with low energy that have scattered many times. This is the old two group idea
used for hand calculations. Doing path stretching on the high energy group is
generally valid since these particles had only scattered a few times to reach the
detector, and path stretching will not change that. However the low energy group had
scattered many times, and the energy and angular distributions in the detector region
are very much dependent on this fact. Path stretching these particles so that they reach
the detector in only a few scatters will seriously alter the energy and angular
distributions and hence may very well distort the results you are trying to calculate.

The good points of this path stretching technique are that it does not require many
extra boundaries, it is employed at each collision site, and it is sensitive to particle
direction. The only problem is the proper choice of q.
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Example: Neutrons with energies of 0 to 30 MeV in REGION 1 are stretched  (the equation:
q =1 – 1/mfp would imply about 10:1) toward the closest point on a sphere of radius 10
centered at (0,0,0), while those in REGION 2 are stretched (20:1) away (the minus .95) from
the point (0,0,0).

WALK-PS
  NEUTRON  R 1 E 0. TO 30.  0.9 SPHERE 10. 0. 0. 0.
           R 2 E 0. TO 30. -0.95 POINT 0. 0. 0.

Energies are in MeV, distances in cm unless otherwise specified in the BASIC Data
Block.
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WALK-REACTION—Forced Reaction
WALK-REACTION is used to force a scattering particle to undergo a specified
reaction with the target material. This is an efficiency measure used to increase the
number of particles which undergo a particular reaction which is rare but important to
the detector result. The walk-value is reactno, the reaction number. See COG
Reaction Numbers.

Example: Force neutrons which collide in the specified regions to undergo (n,2n)
reactions (reactno = 12).

WALK-REACTION
  NEUTRON  REGION 3 TO 7  ENERGY 5. TO 30.   12

Energies are in MeV unless otherwise specified in the BASIC Data Block.

At every collision in the designated regions of the specified particle whose energy lies
in the specified energy range, two collisions are made to occur. The incident particle

is split into two particles, which are given weights in the ratio of µr /(µt - µr), where

µr is the partial cross section of the specified reaction, and µt is the total cross section.

The particle labelled with weight µr is forced undergo the specified reaction, while
the other particle undergoes a reaction sampled from the remaining available
reactions. This is a fair game, because the weights are adjusted by the relative
probabilities of the reactions. This method also generates the correct flux field, as
would be found from an analog calculation.

Note: particle-type must be NEUTRON or PHOTON. Not all materials may have
data for a specified reaction number. In any collision, the specified reaction must
be energetically possible or else this technique will not be applied.
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WALK-SDB—Scattered Direction Bias
WALK-SDB is a technique which biases the angular distribution of particles
emerging from a collision, as specified by the user. This is often done to increase the
number of particles scattered in a preferred direction. This enables one, in some
degree, to "channel" particles into more important regions of the geometry, thus
obtaining results which may be difficult if not impossible to get in an unbiased
problem. The walk-value is the biasing strength function b and the preferred direction
specification refdir. The preferred direction refdir is specified as for path stretching
(see the section WALK-PS—Path Stretching/Exponential Transform). For
example, you may specify refdir using one of these forms: POINT, SPHERE,
CYLINDER, RING, or DIRECTION.

The relative IMPORTANCE assigned to any direction is determined by the biasing
strength function b, where b ≥ 0. The IMPORTANCE is:

IMPORTANCE = 1/ (1 + b (1 - µ))

where µ is the cosine of the angle between the preferred direction and the exit
direction of the particle.

Because of the form of the biasing function and the assumption that the scattering
probability distribution has azimuthal symmetry, the biased scattering probability
distribution is a function of µs, the cosine of the scattering angle, b, the strength

parameter, and W, the cosine of the angle between the incoming particle direction and
the preferred direction.

To get an idea of the effects of b and W on the biased scattering probability
distribution, we evaluate the biased distribution for the case of isotropic scattering,
i.e. the unmodified distribution has a value of 1/2 for all µs. Tables 1, 2, and 3 are for

the cases W = 1., 0.8, and 0., respectively, and for values of b of 0. (no biasing), 10.,
30., 100., and 300. Note that as W approaches 1. the effects of b are enhanced, i.e. for
a given b the distribution for W = 1. is more sharply peaked about the reference
direction than the distribution for W = 0.
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Table 1

Particle parallel to reference direction, W = 1.

Effect of Strength Parameter (b) on Scattering Distribution

Scattering Distribution Value

              µs          b = 0. b=10.  b=30. b=100.           b=300.

-1.0 0.500 0.156 0.120 0.094 0.078
-0.9 0.500 0.164 0.126 0.099 0.082
-0.8 0.500 0.173 0.133 0.104 0.087
-0.7 0.500 0.182 0.140 0.110 0.092
-0.6 0.500 0.193 0.149 0.117 0.097
-0.5 0.500 0.205 0.159 0.125 0.104
-0.4 0.500 0.219 0.170 0.134 0.111
-0.3 0.500 0.235 0.182 0.144 0.120
-0.2 0.500 0.253 0.197 0.156 0.130
-0.1 0.500 0.274 0.215 0.170 0.142
0. 0.500 0.299 0.235 0.187 0.156
0.1 0.500 0.328 0.261 0.207 0.173
0.2 0.500 0.365 0.292 0.233 0.195
0.3 0.500 0.411 0.332 0.266 0.222
0.4 0.500 0.469 0.384 0.309 0.259
0.5 0.500 0.547 0.456 0.370 0.310
0.6 0.500 0.657 0.561 0.460 0.387
0.7 0.500 0.821 0.730 0.609 0.515
0.8 0.500 1.095 1.043 0.898 0.769
0.9 0.500 1.642 1.824 1.714 1.512

1.0 0.500 3.285 7.298 18.856 46.885



The Monte Carlo Random Walk
Random Walk Modification Techniques
WALK-SDB—Scattered Direction Bias 9/1/02

– 319 –

Table 2

Particle at 36.87° to reference direction, W = 0.8

Effect of Strength Parameter (b) on Scattering Distribution

Scattering Distribution Value

              µs          b = 0. b=10.  b=30. b=100.           b=300.

-1.0 0.500 0.173 0.133 0.104 0.087
-0.9 0.500 0.182 0.140 0.110 0.092
-0.8 0.500 0.193 0.149 0.117 0.097
-0.7 0.500 0.205 0.159 0.125 0.104
-0.6 0.500 0.218 0.169 0.134 0.111
-0.5 0.500 0.233 0.182 0.144 0.120
-0.4 0.500 0.251 0.197 0.156 0.130
-0.3 0.500 0.271 0.214 0.170 0.142
-0.2 0.500 0.295 0.234 0.186 0.156
-0.1 0.500 0.323 0.259 0.207 0.173
0. 0.500 0.356 0.289 0.232 0.194
0.1 0.500 0.397 0.327 0.264 0.222
0.2 0.500 0.448 0.377 0.307 0.258
0.3 0.500 0.512 0.443 0.366 0.309
0.4 0.500 0.594 0.535 0.452 0.385
0.5 0.500 0.700 0.672 0.590 0.510
0.6 0.500 0.837 0.884 0.839 0.750
0.7 0.500 0.999 1.210 1.372 1.374
0.8 0.500 1.147 1.535 2.207 3.183
0.9 0.500 1.191 1.410 1.505 1.434
1.0 0.500 1.095 1.043 0.898 0.769
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Table 3

Particle at 90° to reference direction, W = 0.0

Effect of Strength Parameter (b) on Scattering Distribution

Scattering Distribution Value

              µs          b = 0. b=10.  b=30. b=100.           b=300.

-1.0 0.500 0.299 0.235 0.187 0.156
-0.9 0.500 0.325 0.260 0.207 0.173
-0.8 0.500 0.356 0.289 0.232 0.194
-0.7 0.500 0.393 0.326 0.264 0.222
-0.6 0.500 0.435 0.372 0.306 0.258
-0.5 0.500 0.484 0.432 0.363 0.308
-0.4 0.500 0.540 0.510 0.444 0.383
-0.3 0.500 0.600 0.612 0.568 0.503
-0.2 0.500 0.657 0.741 0.769 0.723
-0.1 0.500 0.700 0.872 1.087 1.210
0. 0.500 0.717 0.934 1.330 1.912
0.1 0.500 0.700 0.872 1.087 1.210
0.2 0.500 0.657 0.741 0.769 0.723
0.3 0.500 0.600 0.612 0.568 0.503
0.4 0.500 0.540 0.510 0.444 0.383
0.5 0.500 0.484 0.432 0.363 0.308
0.6 0.500 0.435 0.372 0.306 0.258
0.7 0.500 0.393 0.326 0.264 0.222
0.8 0.500 0.356 0.289 0.232 0.194
0.9 0.500 0.325 0.260 0.207 0.173
1.0 0.500 0.299 0.235 0.187 0.156

Table 4 lists, for the case of isotropic scattering and W = 1., q1/2 and FoB

[Forward/Back] versus b,.  q1/2 is the half-angle of the cone which contains 1/2 the

scattered particles, and FoB is the ratio of particles scattered into the forward solid
angle [µ = 0.9 to 1.,  or 0° to 26°] divided by the number scattered into the backward
solid angle [µ = -1. to -0.9. or 180° to 154°]
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Table 4
Calculation of the effect of Strength Parameter b

and the scattering half-angle cone.

b q1/2    FoB

0 90.° 1.00
1 75.° 2.81
3 63.° 5.99
10 50.°   14.2
30 39.° 27.5
100 30.° 47.0
300 23.° 67.1
1000 17.° 90.0
3000 13.° 111.
10000 9.6° 135.
30000 7.3° 156.
100000 5.4° 180.

As Table 4 shows, very large values of the strength parameter b are needed to bias the
scattering into a reasonably small cone. As with Russian roulette, this biasing
technique produces a fair result only on average. With photons, the Compton and
Rayleigh distributions are sampled as usual, then angular biasing is done by rejection
techniques. This will be very inefficient if you are trying to force photons into
directions they are unlikely to go, based on their normal scattering probabilities. We
have had good success using this scheme in conjunction with other modification
techniques, specifically path stretching.

Note that b is a simple function of only one angle, for it is expected that there will be
problems enough in finding the correct value of b with these simplifying assumptions.
An importance based on a full three-dimensional angular representation would be too
difficult to express with any degree of accuracy. A value of b equal to zero results in
equal importance in all directions, while increasingly larger positive values of b
results in importance peaking towards the preferred direction. Negative values of b
are not allowed.
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Example: The exit direction of scattered neutrons from 0 to 30 MeV in REGION 1
are forced (hard, b = 10000) toward the closest point on a RING of radius 0.75
centered at 0,0,1 with axis in the z direction, those in REGION 2 are forced (harder,
100000) in the z DIRECTION and those in REGION 4 are forced (hard, 10000) toward
the POINT 0,0,2.

WALK-SDB
  NEUTRON  REGION 1  ENERGY 0. TO 30.  10000.

   RING 0.75 0. 0. 1. 0. 0. 2.
           REGION 2  ENERGY 0. TO 30.  100000.

  DIRECTION 0. 0. 1.
           REGION 4  ENERGY 0. TO 30.  10000.

  POINT 0. 0. 2.
Energies are in MeV, distances in cm, unless otherwise specified in the BASIC Data
Block.



The Monte Carlo Random Walk
Random Walk Modification Techniques
WALK-SURVIVAL—Survival of a Particle in a Collision 9/1/02

– 323 –

WALK-SURVIVAL
Survival of a Particle in a Collision

WALK-SURVIVAL is a random walk modification which forces a particle to survive
every collision in the designated phase-space volumes, even though there is a finite
probability of particle absorption. No walk-value needs to be specified.

When a particle undergoes a collision, there is a probability that it will be absorbed,
producing no scattered primary particle. But there are times when much calculational
effort has been expended to get the particle to a given location in the problem, and it
would be desirable to keep the particle "alive" to get more information from this
random walk history. WALK-SURVIVAL does not allow the primary particle to be
completely absorbed. Each particle which would normally scatter, scatters and has its
weight reduced by a factor equal to the scattering probability. Each particle which
would normally be absorbed is split into two particles. One particle is absorbed; its
weight is unchanged. The other particle scatters; its weight is reduced by a factor
equal to the scattering probability. In this way, the net weight of scattered and
absorbed particles is maintained, but every absorption event contributes a scattered
particle.

Two problems have been encountered when using the survival method. The first is
that you can get significant contributions to your detector results from only a few, or
even one, random walk histories. There are many paths in a real problem for moving
a particle from point A to a detector at point B. If WALK-SURVIVAL is turned on, it
is possible for a particle to move from A to B along one path and scatter many times
in the vicinity of B (while avoiding absorption). This single particle can thus
contribute heavily to the detector's results. The results may look significant, but you
have sampled just a few of the possible paths from A to B, and you may not have
obtained a reliable answer. COG points this problem out to you by determining only
one score per source particle—the sum of all these contributions. Check the listing to
see how many source particles contribute to the total detector result.

The second problem does not cause calculational errors but does create computational
difficulties. If you never allow a particle to be absorbed and if it never escapes the
geometry, then it never dies unless you put in some other method of killing it.
Generally you should avoid using WALK-SURVIVAL in large volumes and perhaps
mix the SURVIVAL method with one of the other options to kill off undesired
particles. Weight windows are excellent for this purpose.
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WALK-SURVIVAL
  NEUTRON  R 4 TO 7  E 1. TO 30.
           R 10      E 5. TO 30.

Energies are in MeV unless otherwise specified in the BASIC Data Block.

Example: Do survival weighting on neutrons in REGIONs 4 through 7 for energies
above 1. and less than 30. MeV and for REGION 10 for energies above 5. and below
30 MeV.
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WALK-WT
Splitting/Russian Roulette Based on Weight

WALK–WT is a random walk modification which will split (increase) or Russian
roulette (decrease) the number of particles which emerge from a collision site, based
on particle weight. The walk-value is the pair of quantities minwt and maxwt, which
define the lower and upper limits of a weight-window. COG examines the emerging
particle-weight, and takes an action based on weight-window comparisons.

If minwt ≤ particle-weight ≤ maxwt, the particle is within the weight-window and no
modification is made. If particle-weight < minwt, Russian roulette is played with b
equal to particle-weight/minwt and the survivors are assigned a weight equal to
minwt. If particle-weight > maxwt, then splitting is done with b equal to particle-
weight/maxwt and the resulting particles are assigned a particle-weight equal to
maxwt.

This process insures that all particles in the specified volume of phase space have
weights within the defined weight-window. This is a technique used in the ORNL
code O5R1 and in the LANL code MCNP,2 where it is called by the name weight
window. As long as you know that high-weight particles are high-importance
particles and that low-weight particles are low-importance particles, this method
offers some nice features; but it is difficult to use effectively.

It is difficult for the user to determine the proper values for minwt and maxwt. It is
of little value to say that they are related to the values of particle flux, because if you
knew the flux, you would know the answer and wouldn't run the problem.

Note: Splitting or Russian roulette applies only to the specified particle-type.
Gammas produced by neutrons are not affected (split or killed) by a neutron
specification.

Example: Photons in all REGIONs and with energies between 0 and 30 MeV will
have their post-collision weights adjusted by splitting or Russian roulette to be
between 0.0001 and 2.

WALK-WT
  PHOTON REGION ALL E 0. TO 30. 0.0001 2.

Energies are in MeV unless otherwise specified in the BASIC Data Block
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Random Walk Biasing Examples
In this section we present several examples to guide the user in employing the various
biasing techniques. In each example we will proceed in a orderly fashion, always
building toward an "optimal" solution. We realize that in the real world what is
needed is a satisfactory—not necessarily an optimal—solution; but we hope that this
step-by-step procedure will be informative. These problems run quite quickly—in 1.5
to 5 minutes. They were chosen for instructional purposes, not necessarily as
examples of problems which require biasing. It may prove helpful for users to run
these problems and study the complete COG output. (Keep in mind, because of
different random number sequences, you will not get exactly the same results as
presented here).

Example 1— Splitting at a Boundary
This problem consists of a sphere of Al with a point source of 1 MeV gammas at the
center, emitting isotropically. The radius of the sphere is more than 10 mean free
paths (mfp) for the 1 MeV gammas. The energy build-up factors—the ratio of the
total gamma energy to the uncollided energy—have been calculated using another
(non-Monte-Carlo) method(1) for radii corresponding to 1, 2, 4, 7, 10 mfp. We start
with a rather simple goal—to obtain a good result at 10 mfp. We have placed a
BOUNDARY-CROSSING detector at each of these radii. Each of the COG detectors
is normalized by dividing the computed detector score by the "correct" result at each
location (obtained from the reference). Thus if COG calculates the "correct" value of
flux at a detector position, the detector response will equal unity.

The initial input to COG is as follows:

ENERGY BUILD UP IN AL @ 1 MEV (NYO-3075)
$  V31.1A
BASIC

PHOTON
GEOMETRY

SECTOR  1 Z01 -1
SECTOR  2 Z02 1 -2
SECTOR  3 Z03 2 -3
SECTOR  4 Z04 3 -4
SECTOR  5 Z05 4 -5
SECTOR  6 Z06 5 -6
SECTOR  7 Z07 6 -7
SECTOR  8 Z08 7 -8
SECTOR  9 Z09 8 -9
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SECTOR 10 Z10 9 -10
SECTOR 11 Z11 10 –11

BOUNDARY VACUUM 11
SURFACES

1  S 6.033
2  S 12.066
3  S 18.1
4  S 24.133
5  S 30.166
6  S 36.199
7  S 42.232
8  S 48.266
9  S 54.299
10 S 60.332
11 S 66.365

MIX
MAT 1  AL 2.7

ASSIGN-ML
1  2 3 4 5 6 7 8 9 10 11

DETECTOR
$  ALL DETECTORS ARE NORMALIZED TO 1.

NUMBER 1
BOUNDARY  1 2 7.3944E-1
DRF-E  PHOTON  ENERGY-FLUX

NUMBER 2
BOUNDARY  2 3 4.4525E-1
DRF-E  PHOTON  ENERGY-FLUX

NUMBER 4
BOUNDARY  4 5 1.1942E-1
DRF-E  PHOTON  ENERGY-FLUX

NUMBER 7
BOUNDARY  7 8 1.1809E-2
DRF-E  PHOTON  ENERGY-FLUX
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DRF-E  PHOTON  ENERGY-FLUX
$EXAMPLE OF AN DETECTOR IMPORTANCE CALCULATION

BIN E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 1  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 2  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 3  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 4  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 5  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 6  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 7  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 8  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 9  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 10 E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 11 E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.

ANALYSIS
PHOTON  0. 65. 0.  0. 0. 0.  65. 0. 0.  6.

SOURCE
NPART 20000
DEFINE P 1
   POINT 0. 0. 0.
DEFINE E 1
   PHOTON  LINE 1. 1.
INC 1.  P 1  E 1

END

SUMMARY OF PROBLEM INPUT FILE

First line: Problem title and comments.

BASIC: Photon only problem.

GEOMETRY: 11 regions bounded by 11 spherical surfaces. The vacuum boundary
tells COG to not follow particles which cross surface 11.

SURFACES: 11 concentric spherical surfaces at 1 mfp intervals.

MIX: Region 1 contains material 1, Al at a density of 2.7 gm/cc.

ASSIGN-ML: Regions 2 through 11 also contain material 1.

DETECTOR: Boundary crossing detectors measuring photon energy flux are located
at distances corresponding to 1, 2, 4, 7, and 10 mfp. All detectors are normalized to
unity using the results from the reference. The results are binned by energy. And an
importance calculation for Detector 10 is requested by region and energy.

NUMBER 10
BOUNDARY  10 11 9.534E-4
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ANALYSIS: Scattering events are plotted for a 6 cm thick zone in the first quadrant
of the sphere.

SOURCE: 20000 photons are started from a point at the center with energy 1 MeV
and isotropic (default) angular distribution.

Notice initially there are no WALK-XX blocks, so this problem will initially be
running in the default analog (unbiased) mode.

A summary of the detector results for the base calculation is given in Table 1. The
last column is the figure-of-merit. Repeating the calculation would get similar
numbers, but not the same results because of the different random numbers used.

Table 1

Detector Response FOM
     1 0.990 ± 0.006 24100.
     2 1.008 ± 0.020 2130.
     4 0.976 ± 0.019 2150.
     7 0.977 ± 0.061 206.
   10 1.252 ± 0.338 11.0

We will not reproduce the entire COG output for this run, but just indicate some of
the most important results.
Example: ANALYSIS picture option and resulting output fromthe initial unbiased
problem

ANALYSIS
  PHOTON  0. 65. 0.   0. 0. 0.   65. 0. 0.   6.

Total Monte Carlo collisions in the limits 17795

Number plotted below 5000
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• The ANALYSIS picture (above) shows few if any scattering events past 8 mfp.
(The inter-ring distance is one mfp in this problem).

• The summary tables in the COG output file indicate less than 100 photons from a
source of 20000 penetrate past 10 mfp.

• The output also shows that more than 60% of the total response for detector 10
comes from the 10 largest contributing particles. Contrast this to ~1% for detector 1.

Viewing the summary tables, we conclude that the results for detector 1 are excellent,
for detectors 2, 4, and 7 satisfactory, and for detector 10 questionable at best.

To improve statistics for detector 10, we obviously need to get more particles to
penetrate deeper. We could just run longer—this is the simplest and safest
approach—and wait for the photons to reach the deepest regions by"natural" processes. 
But Poisson statistics tells us that we must run~100 times longer in orderto reduce  
the standard deviations by a factor of 10.
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For our first attempt at biasing this problem, we will use particle splitting at a
boundary to generate more deeply-penetrating particles. The WALK-BC biasing
scheme causes particles moving in the desired direction (outwards) to be split at each
boundary crossing, thus increasing the density of particles with distance.

WALK-BC biasing requires us to specify the relative IMPORTANCE of phase-space
cells for each of the REGIONs forming the boundary. Where do we get this
information? Since we asked for an IMPORTANCE calculation for detector 10, COG
will list the IMPORTANCEs of each REGION to our detector 10 result. These
calculated IMPORTANCEs are derived from the detector response and hence are as
good (or bad) as that result. Because of the somewhat poor statistics in each
REGION, we will not place much confidence in the individual calculated
IMPORTANCEs, but rather look for trends.

We show below the results of the IMPORTANCE calculations. For a specified range
of particle energy, we plot the REGIONal IMPORTANCEs versus REGION distance,
expressed in mfp. We have overlaid the data with a power-law approximation to each
data set. The top curve is the REGIONal importance data for energy in the range
[0.9,1.] MeV, the middle two curves are for energy ranges [0.7,0.9] MeV and
[0.5,0.7] MeV. The bottom curve is the importance averaged over all particle
energies. A power-law fit of the form:

I = M0 XM1

is natural to associate with the WALK-BC biasing scheme due to the exponential
attenuation of flux with distance.

These approximations aren't very good, but they indicate that importances change by
a factor of 2.25 to 3.25 per mfp. Another way to approach the problem is to plot the
natural log of importance versus distance (measured in mfp at 1 MeV). This plot
yields an approximate straight line fit with slope ≈ 0.92 e-folds/mfp. This implies that
the splitting parameters for WALK-BC biasing at 1 mfp intervals are in an
approximately constant (e0.92 ≈2.5) ratio.
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We can now rerun the problem with splitting at a boundary crossing. We use a
WALK-BC Data Block with the IMPORTANCE estimated from our fits.
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WALK-BC
  PHOTON  REGION 1  ENERGY 0. TO 1.  1.
          REGION 2  ENERGY 0. TO 1.  2.5
          REGION 3  ENERGY 0. TO 1.  6.3
          REGION 4  ENERGY 0. TO 1.  16.
          REGION 5  ENERGY 0. TO 1.  39.
          REGION 6  ENERGY 0. TO 1.  98.
          REGION 7  ENERGY 0. TO 1.  240.
          REGION 8  ENERGY 0. TO 1.  610.
          REGION 9  ENERGY 0. TO 1.  1500.
          REGION 10  ENERGY 0. TO 1.  3800.
          REGION 11  ENERGY 0. TO 1.  3800.

Since the total response is roughly independent of energy, to keep the problem simple
we have used energy-independent IMPORTANCEs.

The detector results are listed in Table 2 for this WALK-BC run. Note that the figure-
of-merit has decreased for detectors 1 through 7 and increased for detector 10. This is
to be expected since the problem is being "tuned" for detector 10.

Table 2

Detector    Response    FOM
     1 0.970 ± 0.022 461.
     2 0.989 ± 0.032 235.
     4 1.041 ± 0.050 106.
     7 1.053 ± 0.072 52.1
    10 1.132 ± 0.096 33.2

• The ANALYSIS picture now shows scattering events over the whole range of
interest.

• The summary tables indicate almost 5000 photons from a source of 20000 penetrate
past 10 mfp.

• Less than 20% of the total response for detector 10 comes from the 10 largest
contributors.

The results (for detector 10) are greatly improved; the standard deviations are less and
the figure-of-merits (FOM) are better. Getting more particles into the outer regions
will also improve the statistics on the calculated detector IMPORTANCEs. Feeding
these better values of IMPORTANCE back into the problem should lead to still better
results. We will run this problem once again, this time using the actual calculated



The Monte Carlo Random Walk
Random Walk Biasing Examples
Example 1— Splitting at a Boundary 9/1/02

– 334 –

detector IMPORTANCEs as the REGIONal IMPORTANCEs in the WALK-BC Data
Block.

With these calculated detector IMPORTANCEs, the WALK-BC Data Block is now:

WALK-BC
  PHOTON  REGION 1  ENERGY 0. TO 1.  0.081
          REGION 2  ENERGY 0. TO 1.  0.25
          REGION 3  ENERGY 0. TO 1.  0.34
          REGION 4  ENERGY 0. TO 1.  0.59
          REGION 5  ENERGY 0. TO 1.  1.2
          REGION 6  ENERGY 0. TO 1.  2.4
          REGION 7  ENERGY 0. TO 1.  5.4
          REGION 8  ENERGY 0. TO 1.  14.
          REGION 9  ENERGY 0. TO 1.  36.
          REGION 10  ENERGY 0. TO 1.  120.
          REGION 11  ENERGY 0. TO 1.  76.

The SOURCE size (NPART) has been reduced to 5000 to keep the running time
manageable.

The detector results are listed in Table 3; note that the figure-of-merit has increased
for all detectors over the previous run.

Table 3

Detector Response FOM
    1 1.005 ± 0.011 1270.

    2 1.011 ± 0.016 644.

    4 1.022 ± 0.028 210.

    7 0.992 ± 0.036 121.

  10 0.943 ± 0.044 74.5

• The ANALYSIS picture still shows scattering events in all regions.

• The summary tables now indicate more than 1200 photons from a source of 5000
penetrate past 10 mfp.

• And only about 7% of the total response for detector 10 comes from the 10 largest
contributors.

We could iterate on the splitting parameters once again, but any improvement would
be marginal and probably lost in the statistical noise. There is still room for
improvement however. We note that, for all detectors, particles which scatter many
times represent a very small fraction of the total response—e.g. for detector 10,
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particles which have scattered 15 or more times contribute less than 1% to the result.
We should be able to improve the figure-of-merit by playing Russian roulette to
reduce the number of particles which have many scatters and hence reduce the
running time.

We add to our input file the WALK-COLLISION Data Block, with parameters set to
Russian-roulette particles in all REGIONs with energies in the range [0.,1.]. The
value of b is 0.9.

WALK-COLLISION
PHOTON  REGION ALL  ENERGY 0. TO 1.  0.9

This walk modification is done everywhere since in this case we are trying to improve
the results for all the detectors. A rather modest Russian roulette parameter, 0.9, is
used so as not to seriously perturb

the particle distribution—a small b will eliminate rather than reduce the number of
many-scattered particles.

The new results are listed in Table 4; the figure-of-merit has indeed increased for all
detectors over the previous run.

Table 4

Detector Response FOM
    1 0.995 ± 0.009 2890.
    2 1.017 ± 0.016 1110.
    4 1.036 ± 0.024 502.
    7 1.042 ± 0.037 206.
  10 1.045 ± 0.054 99.5

We now have a good result at a cost of less than 2 hours computer time.
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Example 2—Path Stretching
This problem—as in Example 1—consists of a sphere of Al with a point source of 1
MeV gammas at the center, emitting isotropically. The radius of the sphere is more
than 20 mean free paths (mfp) for the 1 MeV gammas. The energy build up
factors—the ratios of the total energy to the uncollided energy—have been calculated
using another (non-Monte-Carlo) method(1) for radii corresponding to 1, 2, 4, 7, 10,
15, and 20 mfp. We have placed a BOUNDARY-CROSSING detector at each of
these radii. Each of the COG detectors is normalized by dividing the computed
detector score by the "correct" result at each location (obtained from another method).
Thus if COG calculates the "correct" value of flux at a detector position, the detector
response will equal unity.

In this case we will attempt a much more difficult problem, that of getting a good
result at 20 mfp. We estimate 3 years of continual running in the analog mode to get
100 particles to penetrate to 20 mfp; this is definitely a problem requiring random-
walk biasing.

The input to COG, including the path stretching option, is as follows:

ENERGY BUILD UP IN AL @ 1 MEV (NYO-3075)
$  V31.2A
BASIC

PHOTON
GEOMETRY

SECTOR  1 Z01 -1
SECTOR  2 Z02 1 -2
SECTOR  3 Z03 2 -3
SECTOR  4 Z04 3 -4
SECTOR  5 Z05 4 -5
SECTOR  6 Z06 5 -6
SECTOR  7 Z07 6 -7
SECTOR  8 Z08 7 -8
SECTOR  9 Z09 8 -9
SECTOR 10 Z10 9 -10
SECTOR 11 Z11 10 -11
SECTOR 12 Z12 11 -12
SECTOR 13 Z13 12 -13
SECTOR 14 Z14 13 -14
SECTOR 15 Z15 14 -15
SECTOR 16 Z16 15 -16
SECTOR 17 Z17 16 -17
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SECTOR 18 Z18 17 -18
SECTOR 19 Z19 18 -19
SECTOR 20 Z20 19 -20
SECTOR 21 Z21 20 -21
BOUNDARY VACUUM 21

SURFACES
1  S 6.033
2  S 12.066
3  S 18.1
4  S 24.133
5  S 30.166
6  S 36.199
7  S 42.232
8  S 48.266
9  S 54.299
10 S 60.332
11 S 66.365
12 S 72.398
13 S 78.432
14 S 84.465
15 S 90.498
16 S 96.531
17 S 102.564
18 S 108.598
19 S 114.631
20 S 120.664
21 S 150.83

MIX
MAT 1  AL 2.7

ASSIGN-ML
1  2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

21
DETECTOR
$  ALL DETECTORS ARE NORMALIZED TO 1.

NUMBER 1
BOUNDARY  1 2 7.3944E-1
DRF-E  PHOTON  ENERGY-FLUX

NUMBER 2
BOUNDARY  2 3 4.4525E-1
DRF-E  PHOTON  ENERGY-FLUX
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NUMBER 4
BOUNDARY  4 5 1.1942E-1
DRF-E  PHOTON  ENERGY-FLUX

NUMBER 7
BOUNDARY  7 8 1.1809E-2
DRF-E  PHOTON  ENERGY-FLUX

NUMBER 10
BOUNDARY  10 11 9.534E-4
DRF-E  PHOTON  ENERGY-FLUX

NUMBER 15
BOUNDARY  15 16 1.1502E-5
DRF-E  PHOTON  ENERGY-FLUX

NUMBER 20
BOUNDARY  20 21 1.1975E-7
DRF-E  PHOTON  ENERGY-FLUX
BIN E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION  1  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION  2  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION  3  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION  4  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION  5  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION  6  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION  7  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION  8  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION  9  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 10  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 11  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 12  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 13  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 14  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 15  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 16  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 17  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 18  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
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IMP  REGION 19  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 20  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.
IMP  REGION 21  E PHOTON 0. 0.1 0.3 0.5 0.7 0.9 1.

ANALYSIS
PHOTON  0. 125. 0.  0. 0. 0.  125. 0. 0.  10.

WALK-PS
PHOTON  REG 1  ENG 0.999 TO 1. -0.95 POINT 0. 0. 0.

SOURCE
NPART 20000
DEFINE P 1
   POINT 0. 0. 0.
DEFINE E 1
   PHOTON  LINE 1. 1.
INC 1.  P 1  E 1

END

SUMMARY OF PROBLEM INPUT FILE

First line: Problem title and comments.

BASIC: Photon only problem.

GEOMETRY: 21 regions bounded by 21 spherical surfaces. The vacuum boundary
tells COG to not follow particles which cross surface 21.

SURFACES: 21 concentric spherical surfaces, all except the last at 1 mfp intervals.

MIX: Region 1 contains material 1, Al at a density of 2.7 gm/cc.

ASSIGN-ML: Regions 2 through 21 also contain material 1.

DETECTOR: Boundary crossing detectors measuring photon energy flux are located
at distances corresponding to 1, 2, 4, 7, 10, 15, and 20 mfp. All detectors are
normalized to unity using the results from the reference. The results are binned by
energy. And an importance calculation for Detector 20 is requested by region and
energy.

ANALYSIS: Scattering events are plotted for a 10 cm thick zone in the first quadrant
of the sphere.

WALK-PS: Path stretching by a factor of 20 (q=-0.95) is done in all directions away
from the source (the center point of the sphere). This is necessary to get some result,
and therefore a calculated IMPORTANCE, for DETECTOR 20.

SOURCE: 20000 photons are started from a point at the center with energy 1 MeV
and isotropic (default) angular distribution.
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The DETECTOR results are listed in Table 1. The last column is the figure-of-merit,
FOM.

Table 1

Detector Response FOM
    1 1.035 ± 0.024 954.
    2 1.017 ± 0.028 676.
    4 0.996 ± 0.046 242.
    7 0.961 ± 0.107 40.8
  10 0.841 ± 0.210 8.11
  15 0.411 ± 0.101 8.44
  20 0.207 ± 0.052 8.12

We will not reproduce the entire COG output for this run, but just indicate some of
the most important results.

• The ANALYSIS picture shows that we are getting interactions in and around 20
mfp.

• The summary tables indicate almost 8000 photons from a source of 20000 reach 20
mfp.

This is encouraging information, but we should realize that the ANALYSIS picture
and the summary tables don't indicate the weights of the scoring particles. If we look
at the detector results for detector 20, we see:

• Almost 60% of the Detector 20 result comes from the 10 largest contributors; i.e. we
have poor statistics on this answer.

Let us now use the IMPORTANCE information for detector 20, as calculated by
COG, to come up with improved path-stretching parameters. The output of the
IMPORTANCE calculation is the relative IMPORTANCE of each phase-space cell
(in REGION and ENERGY), and also the relative IMPORTANCE of each REGION
(independent of energy). Since we do not have much confidence in the
IMPORTANCEs obtained from this run (because of the poor detector statistics), we
will use just the average REGION IMPORTANCEs. What we shall do is to plot the
ln of REGION IMPORTANCE versus distance (measured in mfp at 1 MeV). We then
determine the slope of this "straight" line. The stretching parameter q, for each
REGION, is then given by

q = 1 - 1/(slope x distance)

where slope is the slope of the line, and distance is the average distance from the
REGION to the detector (in mfp at 1 MeV). Set any negative q's to zero.

Let's now rerun the problem with these values of q.
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PHOTON  REG 1  ENG 0. TO 1.  -0.9469 POINT 0. 0. 0.
        REG 2  ENG 0. TO 1.  -0.946 POINT 0. 0. 0.
        REG 3  ENG 0. TO 1.  -0.9428 POINT 0. 0. 0.
        REG 4  ENG 0. TO 1.  -0.9393 POINT 0. 0. 0.
        REG 5  ENG 0. TO 1.  -0.9352 POINT 0. 0. 0.
        REG 6  ENG 0. TO 1.  -0.9306 POINT 0. 0. 0.
        REG 7  ENG 0. TO 1.  -0.9252 POINT 0. 0. 0.
        REG 8  ENG 0. TO 1.  -0.919 POINT 0. 0. 0.
        REG 9  ENG 0. TO 1.  -0.9117 POINT 0. 0. 0.
        REG 10  ENG 0. TO 1.  -0.9028 POINT 0. 0. 0.
        REG 11  ENG 0. TO 1.  -0.892 POINT 0. 0. 0.
        REG 12  ENG 0. TO 1.  -0.8785 POINT 0. 0. 0.
        REG 13  ENG 0. TO 1.  -0.8612 POINT 0. 0. 0.
        REG 14  ENG 0. TO 1.  -0.838 POINT 0. 0. 0.
        REG 15  ENG 0. TO 1.  -0.8056 POINT 0. 0. 0.
        REG 16  ENG 0. TO 1.  -0.757 POINT 0. 0. 0.
        REG 17  ENG 0. TO 1.  -0.6761 POINT 0. 0. 0.
        REG 18  ENG 0. TO 1.  -0.5141 POINT 0. 0. 0.
        REG 19  ENG 0. TO 1.  -0.0282 POINT 0. 0. 0.
        REG 20  ENG 0. TO 1.  0. POINT 0. 0. 0.
        REG 21  ENG 0. TO 1.  0.0282 POINT 0. 0. 0.

The detector results are listed in Table 2.

Table 2

Detector Response FOM
1 0.970 ± 0.045 202.
2 0.895 ± 0.049 151.
4 0.806 ± 0.049 121.
7 1.142 ± 0.243 9.75

10 0.742 ± 0.127 15.0
15 0.923 ± 0.198 9.62
20 0.826 ± 0.175 9.82

• The summary tables now indicate 9000 photons from a source of 20000 reach 20
mfp.

• 42% of the Detector 20 result comes from the 10 largest contributors.

This is still a poor result, but the IMPORTANCE calculation is now more reliable
with regards to energy. Let us now plot, for each energy group, in (IMPORTANCE)

WALK-PS
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versus distance (measured in mfp at 1 MeV). We then determine the slopes of each of
these "straight" lines. As before, q is obtained from:

q = 1 - 1/(slope x distance)

where slope is the slope of the line (and contains the energy information), and
distance is the average distance from the REGION to the detector (in mfp at 1 MeV).
Set any negative q's to zero. We now place these REGION- and ENERGY-dependent
values of q into the WALK-PS Data Block, and rerun our problem:

WALK-PS
   PHOTON REG 1 ENG 0. TO 0.1  -0.9831 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.9761 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.9788 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.956 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.944 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.941 POINT 0. 0. 0.
          REG 2 ENG 0. TO 0.1  -0.9822 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.9747 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.9776 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.9535 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.9409 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.9377 POINT 0. 0. 0.
          REG 3 ENG 0. TO 0.1  -0.9812 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.9733 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.9763 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.9508 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.9374 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.9341 POINT 0. 0. 0.
          REG 4 ENG 0. TO 0.1  -0.98 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.9716 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.9746 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.9477 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.9335 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.93 POINT 0. 0. 0.

 REG 5 ENG 0. TO 0.1  -0.9787 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.9697 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.9731 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.9443 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.929 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.9253 POINT 0. 0. 0.
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          REG 6 ENG 0. TO 0.1  -0.9771 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.9675 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.9712 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.9403 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.924 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.92 POINT 0. 0. 0.
          REG 7 ENG 0. TO 0.1  -0.9754 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.965 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.969 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.9357 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.9181 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.9138 POINT 0. 0. 0.
          REG 8 ENG 0. TO 0.1  -0.9733 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.9621 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.9664 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.9303 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.9113 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.9066 POINT 0. 0. 0.
          REG 9 ENG 0. TO 0.1  -0.9709 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.9587 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.9634 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.924 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.9032 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.8981 POINT 0. 0. 0.
         REG 10 ENG 0. TO 0.1  -0.968 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.9545 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.9597 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.9164 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.8935 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.8879 POINT 0. 0. 0.

  REG 11 ENG 0. TO 0.1  -0.9644 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.9495 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.9552 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.9071 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.8817 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.8755 POINT 0. 0. 0.
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         REG 12 ENG 0. TO 0.1  -0.96 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.9432 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.9496 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.8955 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.8669 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.8599 POINT 0. 0. 0.
         REG 13 ENG 0. TO 0.1  -0.9543 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.935 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.9424 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.8806 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.8479 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.8399 POINT 0. 0. 0.
         REG 14 ENG 0. TO 0.1  -0.9466 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.9242 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.9328 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.8606 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.8226 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.8132 POINT 0. 0. 0.
         REG 15 ENG 0. TO 0.1  -0.936 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.9091 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.9194 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.8328 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.7871 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.7759 POINT 0. 0. 0.
         REG 16 ENG 0. TO 0.1  -0.9199 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.8863 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.8992 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.791 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.7339 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.7199 POINT 0. 0. 0.

  REG 17 ENG 0. TO 0.1  -0.8933 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.8484 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.8656 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.7213 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.6452 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.6265 POINT 0. 0. 0.
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         REG 18 ENG 0. TO 0.1  -0.8399 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.7726 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.7985 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.5819 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  -0.4677 POINT 0. 0. 0.
                ENG 0.9 TO 1.  -0.4397 POINT 0. 0. 0.
         REG 19 ENG 0. TO 0.1  -0.6798 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  -0.5453 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  -0.5969 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  -0.1639 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  0. POINT 0. 0. 0.
                ENG 0.9 TO 1.  0. POINT 0. 0. 0.
         REG 20 ENG 0. TO 0.1  0. POINT 0. 0. 0.
                ENG 0.1 TO 0.3  0. POINT 0. 0. 0.
                ENG 0.3 TO 0.5  0. POINT 0. 0. 0.
                ENG 0.5 TO 0.7  0. POINT 0. 0. 0.
                ENG 0.7 TO 0.9  0. POINT 0. 0. 0.
                ENG 0.9 TO 1.  0. POINT 0. 0. 0.
         REG 21 ENG 0. TO 0.1  0.6798 POINT 0. 0. 0.
                ENG 0.1 TO 0.3  0.5453 POINT 0. 0. 0.
                ENG 0.3 TO 0.5  0.5969 POINT 0. 0. 0.
                ENG 0.5 TO 0.7  0.1639 POINT 0. 0. 0.
                ENG 0.7 TO 0.9  0. POINT 0. 0. 0.
                ENG 0.9 TO 1.  0. POINT 0. 0. 0.
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The detector results for this run are listed in Table 3. As expected, using walk
modification based on IMPORTANCEs for Detector 20 has improved the results
there at the expense of results at other detector locations.

Table 3

Detector Response FOM
1 1.006 ± 0.035 314.
2 1.008 ± 0.055 124.
4 0.953 ± 0.065 78.4
7 1.191 ± 0.149 23.6
10 1.608 ± 0.567 2.97
15 0.784 ± 0.117 16.5
20 0.790 ± 0.084 32.3

• The summary tables now indicate about 7000 photons from a source of 20000 reach
20 mfp.

• But only about 28% of the Detector 20 result comes from the 10 largest
contributors.

This is still not a good result, but considering it was obtained in less than 3 minutes
—as opposed to 3 years —it is quite reasonable estimate. Once again we could iterate
on the IMPORTANCEs, but we don't think that would be too enlightening. We will
instead use another walk modification technique to try to improve the result of this
example.

An ANALYSIS picture showing the results of the calculation of this problem with
4257 particles plotted out of 20,000 started. As can be seen, the collisions are
reasonably well distributed throughout the volume.
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If we could keep the photons moving radially outward, then we should get more
photons to penetrate further and hence get a better result for the deeper detectors.
Scattering Direction Bias is designed for this purpose. We add to our input file a
WALK-SDB Data Block:

WALK-SDB
PHOTON REG ALL ENG 0. TO 1. 100 SPHERE 120.664 0. 0. 0.

The rather modest value of 100 for b was chosen for two reasons. First, so as to not
seriously disturb the distribution of photons. And second, because it is difficult (and
expensive) to dramatically influence photon distributions, we felt it might be
counterproductive to use a large value for b. The detector results are listed in Table 4.
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Table 4

Detector Response FOM
    1 0.908 ± 0.088 12.8

    2 0.824 ± 0.048 36.1

    4 0.790± 0.060 20.9

    7 0.855 ± 0.057 26.8

  10 0.913 ± 0.090 12.5

  15 0.922 ± 0.076 17.8

  20 0.998 ± 0.056 38.6

• The summary tables now indicate about 23000 photons from a source of 20000
reach 20 mfp.

• And less than 13% of the Detector 20 result comes from the 10 largest contributors.

This is now a good result—using simple techniques —for a problem which
essentially cannot be solved by analog means.
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Example 3—Direction Biasing
This problem consists of a cylinder of scattering material, 3 mean free paths long by 1
mean free path in radius. The scattering material has a one-group cross section
consisting of 70% absorption and 30% isotropic scattering. The cylinder is
surrounded by vacuum, while in the center of the cylinder is a cup-like region of
infinite absorber. A source is located below the cup and a detector is located in the
cup (see Figure 1). Because of the vacuum leakage and the infinite absorber, the only
paths from the source to the detector are into the scattering material, around the cup,
and back into the cup-mouth.

The input file is:

$  V31.3A
BASIC

NEUTRON
GEOMETRY

SECTOR  1 SO-SCAT 1 -2 -13
SECTOR  2 RING-SC 2 -4 12 -13
SECTOR  3 DET 3 -4 -11
SECTOR  4 BK-SCAT 4 -5 -13
SECTOR -1 ABS 2 -3 -12  OR  3 -4 11 -12
BOUNDARY VACUUM -1  OR  5  OR  1 -5 13

SURFACES
1 P 0. 0. 0.  0. 0. 10.
2 P 0. 0. 1.  0. 0. 10.
3 P 0. 0. 1.5  0. 0. 10.
4 P 0. 0. 2.  0. 0. 10.
5 P 0. 0. 3.  0. 0. 10.
11 C 0.25  TR  0. 0. 0.  0. 0. 1.
12 C 0.5  TR  0. 0. 0.  0. 0. 1.
13 C 1.  TR  0. 0. 0.  0. 0. 1.

MIX
MAT 1 C*3 1.6606E10

ASSIGN-ML
1  2 3 4

ANALYSIS
NEUTRON  1.2 0. -.2   -1.2  0. -.2   -1.2 0. 3.2 0.1
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DRF-E  NEUTRON  NUMBER-FLUX
IMP  A 0. 0. 1.  -1.

-0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1

   

0. 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.
SOURCE

NPART 200000
DEFINE P 1
   POINT 0. 0. 0.5
DEFINE E 1
   NEUTRON  LINE 1. 1.
INC 1.  P 1  E 1

END

Below is a sketch of the problem, from the PICTURE command. The source is in
REGION 1, REGION 2 is an annular ring, REGION 3 is the detector REGION,
REGION 4 is a cylinder behind the detector. REGION -1 is a perfect absorber. The
only way particles can get to REGION 3 is to scatter in REGION 2 and 4 and then
back scatter into REGION 3.

DETECTOR
NUMBER 1
POINT 0. 0. 1.75
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SUMMARY OF PROBLEM INPUT FILE

First line: Problem title and comments.

BASIC: Neutron only problem.

GEOMETRY: Cylinder, 3 cm long by 1 cm radius, with cup, 1 cm long by 1/2 cm
radius by 1/2 cm deep, located at center.

SURFACES: Planes at z = 0, 1, 3/2, 2, and 3 cm. Cylinders, axis along z-axis, with
radii = 1/4, 1/2, and 1 cm.

MIX: Region 1 contains material 1, a special material consisting of a 1 group cross
section with 70% absorption and 30% isotropic, elastic scattering. The data is
available on the neutron library COGYXS.

ASSIGN-ML: Regions 2, 3, and 4 also contain material 1.

ANALYSIS: Scattering events are plotted for a 0.1 cm thick zone at the center of the
figure.

DETECTOR: A boundary detector between regions 3 and 4 measures the neutron
number flux. An IMPORTANCE calculation on the angle from the source is done.

SOURCE: 200000 neutrons are started from a point at z = 0.5 cm with energy 1 MeV
and isotropic (default) angular distribution.

Because there are no WALK-XX Data Blocks, this problem will run in the default
analog mode.

The results for the detector are

Detector    Response FOM
    1 1.928e-4 ± 8.41e-5 0.89

We summarize the COG results for this run:
• The ANALYSIS picture, shown below, indicates few events in region 4 and none in
region 3, the DETECTOR region.
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• The summary tables indicate that indeed only 8 particles reach region 3.

• The fractional standard deviation is large, ª44%.

• The 10 largest contributors result in 100% of the total response.

This is not a good result. The IMPORTANCE-by-ANGLE calculated results at the
detector (where ANGLE represents the initial direction from the source) are
determined by so few scoring events that it is probably best not to use them. We need
to get more scattering events in the regions 3 and 4. We do this by biasing the
emission direction of particles at the source. We assume the importance peaks for
directions toward the center of the channel around the cup, i.e. for m ª 0.55, and drops
linearly to zero for m = -1 and 1. We redefine the SOURCE Data Block to add
IMPORTANCEs to the ANGLE-dependent SOURCE:

SOURCE
NPART 200000
DEFINE P 1
 POINT 0. 0. 0.5
DEFINE E 1
 NEUTRON  LINE 1. 1.
DEFINE A 1
 0. 0. 1.  ISOTROPIC
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  IMPORTANCE
    -1. 0.00323 -0.9 0.00968 -0.8 0.01613 -0.7 0.02258
    -0.6 0.02903 -0.5 0.03548 -0.4 0.04194 -0.30.04834
    -0.2 0.05484 -0.1 0.06129 0. 0.06774 0.1 0.07419 0.2
    0.08065 0.3 0.08710 0.4 0.09355 0.5 0.09642 0.6
    0.07778 0.7 0.05556 0.8 0.03333 0.9 0.01111 1.

INC 1.  P 1  E 1  A 1
In addition we will use scattering direction bias to guide the particles around the
infinite absorber and into the detector region. The scattering direction bias parameters
are chosen based on the geometry. In region 1—below the cup in the source
region—the preferred direction for scattering is toward a ring with radius 0.75 cm at z
= 1 cm, i.e. toward the mouth of the channel around the cup. The bias strength
parameter is such that the half-angle about this direction is about 10 degrees (see the
section WALK-SDB—Scattering Direction Bias). In region 2—the channel
region—the particles are scattered preferentially in the z direction with half-angle of
about 5 degrees. In region 4—above the cup—the scattering is toward a point at z = 2
cm, i.e. toward the mouth of the cup. The half-angle is again about 10 degrees. We
add to our input file the WALK-SDB Data Block:

WALK-SDB
  NEUTRON  REG 1  ENG 0. TO 1. 100. RING 0.75  0 0 1  0
0 2
           REG 2  ENG 0. TO 1. 1000. DIRECTION 0 0 1
           REG 4  ENG 0. TO 1. 100. POINT 0 0 2

Below is COG's representation of the ANGLE-dependent SOURCE. The histogram
shows the user-specified IMPORTANCEs, while the density of sample points
indicates the actual angular distribution used. It clearly shows the biasing peaked
around m = 0.55.
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The results are now

Detector    Response FOM
    1 2.371e-4 ± 1.76e-5 9.86

The figure-of-merit has increased by a factor of 11.

Below is the ANALYSIS picture for this case and it clearly shows how the particles
have been channeled around the infinite absorber to get improved statistics in the
detector region, SECTOR 3. Remember that ANALYSIS pictures only show collision
sites and tell you nothing about the type of collision or the particle weights involved.

We summarize the COG results for this run:

• The ANALYSIS picture now shows many more interactions in region 4, and several
in region 3.

Example 3—Direction Biasing 
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• The summary tables show 5332 particles entering region 3.

• The fractional standard deviation has decreased to about 7.4%.

• The 10 largest contributors now account for just 17.6% of the total response.

This result is much improved. Our detector IMPORTANCE calculations are also
better and could now be used in the SOURCE Data Block as ANGLE-dependent
SOURCE IMPORTANCEs for another problem iteration, if we wished to try for
improved detector statistics.

A few final words of advice when using random-walk modification techniques:

• keep things simple, so you don't lose track of what you are doing;

• sometimes combinations of walk modifications are beneficial, but add them
carefully, one at a time;

• quit when you get a satisfactory result.
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The CRITICALITY Data Block
In the reactor theory of nuclear criticality, the quantity keff is the ratio of the number
of neutrons born in successive generations. In a single neutron generation, neutrons
which are created by fission move through the problem geometry, interacting with the
materials until they either escape from the system, undergo absorption, or enter into
fission events, which create new neutrons for the next neutron generation. For critical
systems, keff = 1.0. For subcritical systems, keff < 1.0 and for supercritical systems,
keff > 1.0. The purpose of a criticality calculation is to determine keff for an assembly
of fissionable materials.

Determining keff consists of calculating the mean number of fission neutrons
produced in one generation per fission neutron started. COG computes keff for a
criticality problem by tracking a "batch" of neutrons through the geometry to simulate
each successive fission generation. The sites where the batch neutrons cause fissions
are saved as the starting locations (the fission source) for the next batch. The fission
source will evolve from the initial distribution (specified by the user) until some
equilibrium source distribution (the "settled" source) is achieved. After a user-
specified number of "settling" batches are run, COG averages the batch keff over all
subsequent batches.

The effect of delayed neutrons from fission may be included by including
DELAYEDNEUTRONS in the BASIC Data Block.  For ENDL90 and RED2002
the spectrum of delayed neutrons is assumed to be the same as the prompt fission
neutrons. Processes such as (n,2n) and (n,3n) are included.

The CRITICALITY option is turned on by the inclusion of the CRITICALITY Data
Block in the input file. In this block, the user must specify the initial points within the
geometry at which fission neutrons will be created, for the first-generation source.
The standard SOURCE Data Block is not needed and will be skipped if present. COG
options which require a SOURCE file will not work for CRITICALITY
problems—these include the RETRACE option and the CORRELATED sampling
technique.

All other options will function but, of course, many are not applicable for criticality
work. Results for fluxes, currents, and detector responses may be obtained by
specifying the usual detector forms in the DETECTOR Data Block. Such results will
however not include contributions from the first (NFIRST-1) "settling" batches (see
below). However, the regional summaries will include contributions from all batches,
including the settling batches. To calculate the prompt photon fluxes produced by
fission, you should include PHOTON as a particle type in the BASIC Data Block.
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The CRITICALITY Data Block has the following form:

CRITICALITY

 NPART    npart-per-batch   

 NBATCH    number-of-batches

 NFIRST  first-batch-to-count

 SDT    sdev-to-terminate

 NORM    normalization-factor

 NSOURCE   nsources  x1 y1 z1  x2 y2 z2 ...

Where:

npart-per-batch is the number of neutrons to start and follow per batch (this number
is exact only for the initial batch). (DEFAULT: 500)

number-of-batches is the maximum number of batches to run. The problem is
terminated either by the SDT condition being met, or this batch limit being reached.
(DEFAULT: 200)

first-batch-to-count is the ordinal number of the first batch to be used by COG to
calculate an average keff, or detector fluxes or problem leakage, or to check for
problem convergence. Normally a few batches must be run to allow the fission source
to "settle" towards the equilibrium distribution. Results obtained from these early
batches will not be accurate, so COG discards them. (DEFAULT: 6)

sdev-to-terminate is used to terminate the run when convergence of keff occurs.
Convergence is said to occur if 10 consecutive batches (after first-batch-to-count)
have a standard deviation for keff which is less than sdev-to-terminate . (DEFAULT:
0.005)

normalization-factor is used to normalize flux and related quantities for listing in the
output file. Units are fission/sec. (DEFAULT: 1.)

nsources is the number of user-specified point sources, which make up the initial
fission source. (DEFAULT: NONE, this value must be specified).

x1 y1 z1  x2 y2 z2 ...  are the coordinates of the nsources points, where COG will start

fission neutrons in the initial batch. (DEFAULT: NONE, nsources triplets must be
specified).

The number and origin of the initial neutrons are given by the nsources at (x,y,z)
locations. (The starting points for neutrons of subsequent batches are the fission-event
sites of the previous batch). If the fissionable material in the problem has significant
"clumps" (e.g. several fuel rods), at least one initial point source should be specified
in each "clump" to speed up the convergence of the calculation. Criticality
calculations initially show a significant dispersion in the values of k  eff , 
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with the calculation normally settling down, after perhaps many batches, 

Example: A typical CRITICALITY Data Block.

CRITICALITY
NPART=1000
NBATCH=200
SDT=.005
NFIRST=8
NORM=1.
NSOURCE 3
0. 0. 0.
1. 1.1 1.2
1. 4. 4.

to a believable answer with small dispersion.
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CRITICALITY Results
The CRITICALITY output file, ….out, contains the normal "echoing" of the
input—as COG interprets it— and should be examined to detect input errors. The
summary tables provide a breakdown of particle random-walk events by REGION.

Example: CRITICALITY results in the ….out file.

** COG10.12        gps01      -- Version 10.12   Sep 18 2002! ***
COG  --  LISTINGS OF INPUT LINES     THU SEP 19     10:58:25 2002

[LISTING OF INPUT DECK FOLLOWED BY INPUTS AS COG INTERPRETS THEM]

BASIC PARAMETERS—INPUTS AS COG INTERPRETS THEM...

MIXTURE DEFINITIONS—INPUTS AS COG INTERPRETS THEM…

REGIONS, MEDIA, AND DENSITY FACTORS—INPUTS AS COG INTERPRETS THEM...

GEOMETRICAL SURFACE SPECIFICATIONS—INPUTS AS COG INTERPRETS THEM...

CRITICALITY CALCULATION PARAMETERS—INPUTS AS COG INTERPRETS THEM...

DICTIONARY FILE ..............     7/23/02
/USR/GAPPS/COG/DEC/DATAX/COGLEX
NEUTRON CROSS SECTION FILE ...     5/13/02
/USR/GAPPS/COG/DEC/DATAX/ENDL90

STARTING RANDOM NUMBER SEEDS FOR TRANSPORT PHASE =    19170    4529
                        STARTING SEQUENCE NUMBER =                1
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TEST CRITICALITY PROBLEM - GODIVA - JUNE 1993

K CALCULATION RESULTS
(AVERAGED FROM THE LAST BATCH TOWARDS THE FIRST BATCH.)
BATCH BATCH K AVE TO THIS BATCH AVE OF LAST 5 AVE OF LAST 10
----- -------- ----------------- ----------------- -----------------

100 0.9527 0.9527 0.9527
99 1.0213 0.9870 0.0343
98 0.9739 0.9826 0.0203
97 1.0433 0.9978 0.0209
96 1.0284 1.0039 0.0173 1.0039 0.0173
95 1.0637 1.0139 0.0173 1.0261 0.0150
94 0.9674 1.0072 0.0161 1.0153 0.0191
93 0.9702 1.0026 0.0147 1.0146 0.0195
92 1.0106 1.0035 0.0130 1.0081 0.0182
91 1.0036 1.0035 0.0116 1.0031 0.0174 1.0035 0.0116
90 0.9914 1.0024 0.0105 0.9887 0.0087 1.0074 0.0103

11 0.9932 0.9981 0.0033 1.0093 0.0080 1.0050 0.0077
10 0.9686 0.9977 0.0033 0.9998 0.0110 1.0052 0.0076
9 0.9598 0.9973 0.0033 0.9868 0.0114 1.0036 0.0084
8 1.0051 0.9974 0.0033 0.9904 0.0119 1.0042 0.0084
7 1.0076
6 1.0443
5 1.1068
4 1.0312
3 1.0652
2 1.1508
1 1.3942

               AVERAGE MULTIPLICATION =   0.9974
               STANDARD DEVIATION     =   0.0033

Note the averages are taken backwards from the last batch (the most reliable) down to
the first (least reliable) batch.

The screen output from COG gives a running value of keff and its average, e.g.

FINISHED BATCH   1  K= 1.3942 AVE-K= 0.0000 SD= 0.0000  NPART= 2000
FINISHED BATCH   2  K= 1.1508 AVE-K= 0.0000 SD= 0.0000  NPART= 2025
FINISHED BATCH   3  K= 1.0652 AVE-K= 0.0000 SD= 0.0000  NPART= 2013
FINISHED BATCH   4  K= 1.0312 AVE-K= 0.0000 SD= 0.0000  NPART= 2010
FINISHED BATCH   5  K= 1.1068 AVE-K= 0.0000 SD= 0.0000  NPART= 2008
FINISHED BATCH   6  K= 1.0443 AVE-K= 0.0000 SD= 0.0000  NPART= 2002
FINISHED BATCH   7  K= 1.0076 AVE-K= 0.0000 SD= 0.0000  NPART= 1990
FINISHED BATCH   8  K= 1.0051 AVE-K= 1.0051 SD= 1.0000  NPART= 2001
FINISHED BATCH   9  K= 0.9598 AVE-K= 0.9824 SD= 0.0226  NPART= 1999
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There are normally only two CRITICALITY output files created. The first file (the
….ps file) contains any geometry pictures, plots of keff, plots of keff averaged over 5
batches, etc. There is also a plot of the "Fraction of Fissioning Neutrons with Energy
Below E vs. E".

The second file (the ….out file) contains the problem listing.

The ….out file for CRITICALITY calculations includes:

Criticality calculation parameters: The input parameters for criticality are listed.
The CRITICALITY Data Block is interpreted.

Criticality results: The individual and average multiplications are listed by batch
number. This is followed in turn by:

"Fraction of Fissioning Neutrons with Energy below E vs. E", the spectrum of
fissioning neutrons.

"Mean Generation Time", time from neutron birth (by fission) to absorption-
producing fission.

"Prompt Neutron Lifetime", time from neutron birth (by fission) to any
absorption.

"Mean Time to Escape", time from neutron birth (by fission) to escape from the
problem.

"Optical Path by Region", average distance between collisions.
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Criticality ENDL Limitation
For moderated critical experiments containing U238 in dilute solution, errors in the
ENDL capture cross section for U238 in the thermal region may cause a low value of
keff to be computed. This problem disappears when the ENDFB6R7 library is used.
See the MIX Data Block section for information on specifying ENDFB6R7.

Criticality Restart—the DUMP Data Block
The DUMP Data Block causes the code to make restartable dumps of your
CRITICALITY problem during the run. The problem can later be restarted from any
of your DUMP files. This can save you considerable computer time if the machine
crashes and takes hours/days of calculations with it. The DUMP file can also be used
to “jump start” a new criticality calculation which has a similar geometry. The DUMP
input line is a separate data block and should not be entered inside any other data
block. The form of the input line is:

DUMP  n1 n2 n3 …

Restart DUMP files will be made following the completion of batches n1, n2, n3, etc.
The DUMP file names are of the form ….rdnnnn , where nnnn is the batch number.
For example, if a criticality input file called crit1 contained the data block, DUMP 20
50 100, the following files would be created as the code finished batch 20, 50 and
100: crit1.rd0020 crit1.rd0050 and crit1.rd0100. These CRITICALITY dump files,
along with the original input file, contain all the information necessary to restart the
job at the next batch.

If the problem is interrupted for any reason it can be restarted from any of the dump
files. If your input file has the line

RESTART n2

then COG will restart the problem with batch number n2 + 1, using information read
from a dump file previously made at the end of batch n2.

Note: RESTART is a separate data block and should not be entered inside any other
data block.

Example: A Criticality file with a DUMP specification to produce restartable dumps
after batches 20, 50, 100, 150. Note that the DUMP line is a separate data block.

CRITICALITY
NPART=3000
NBATCH=200
SDT=.005
NFIRST=5
NORM=1.
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NSOURCE 3
   0. 0. 0.
   1. 1.1 1.2
   1. 4. 4.
DUMP
20 50 100 150

Example: A Criticality file with a RESTART specification. This will restart the
previous calculation at the end of batch 50 (starting with new batch 51). Note that the
RESTART line is a separate data block.

CRITICALITY
NPART=3000
NBATCH=200
SDT=.005
NFIRST=5
NORM=1.
NSOURCE 3
   0. 0. 0.
   1. 1.1 1.2
   1. 4. 4.
RESTART
50

Another use of the DUMP file is to “jump start” a new criticality calculation which
has a similar geometry. Because the DUMP file only contains neutron source
locations for the next batch (and not any details of the geometry), it can be used to
specify the starting source for a new (but similar) criticality problem. To do this,
rename the …rdnnnn file to correspond to the new input file, set the NFIRST value to
nnnn + nsettle (to skip the first nsettle "settling" batches in the new problem, before
values of keff  are saved), and put a RESTART nnnn line into your input file. This
will start your new problem with a near-equilibrium distribution of source points from
the previous problem. If these problems are similar, you are effectively starting the
calculation much closer to an equilibrium source distribution and hence should
converge to a final answer much faster.   
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The ACTIVATION Data Block
An activation problem computes the photon flux rate at a detector due to the radiative
decay of neutron-activated isotopes in the problem. An activation problem has a
neutron source, specifies a standard COG neutron library and additionally specifies
the ACTL92 neutron activation library. The input file must include a set of tally times
at which the decay photon flux rate is to be computed at the detector.

 The ACTL92  activation library has data on activated isotopes and one- and two-step
decay schemes. At every neutron collision, COG checks the ACTL92 library for
activated species and samples their decay data. COG computes the photon flux rate
arising from the decay at the detectors, at each tally time. Prompt secondary photons
are also emitted as in a normal neutron transport problem.

The ACTIVATION Data Block has the form:

    ACTIVATION  t1 t2 t3  ... tn

where the ti are the times at which the photon flux rate is to be scored.

A detector HALF-LIFE MASK can be applied to the detector to limit the scoring to
photons emitted from radio-isotopes that have a specified half-life. See the MASK-
HL writeup  in the DETECTOR Data Block section.

Example: An activation problem with Co59

TEST OF C)59 ACTIVATION
BASIC
 NEUTRON PHOTON $ NEED TO SPECIFY BOTH

SURFACES
 100 SPHERE 5. $ TARGET SPHERE
 101 SPHERE 10.
 102 SPHERE 12.

GEOMETRY
 SECTOR 100 CO59 –100  $ TARGET SPHERE
 SECTOR 101 VAC +100 -101
 SECTOR 102 VAC +101 -102
 BOUNDARY VACUUM +102

MIX
 NLIB = ENDL90
 MAT 1 CO59 8.
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ASSIGN-ML
 1 100 /
 0 101 102

ACTIVATION
 1. 10. 100. 1000. 10000. $ SET OF TALLY TIMES

DETECTOR
 NUMBER = BC_DECAY
 BOUNDARY 101 102  1.
 DRF-E PHOTON NUMBER-FLUX

SOURCE
 NPART = 1000
 DEFINE P = 1
  POINT 0. 0. 0. ! NEUTRON SOURCE AT ORIGIN
 DEFINE E = 1
  NEUTRON LINE 1. 14.  ! 14 MEV SOURCE
 INCREMENT 1. P=1 E=1

END

The resulting .out file displays the detector results at each of the tally times, and
indicates which isotopes contributed to the scores.
RESULTS FOR DETECTOR bcdecay
Neutron activation Co59 problem tactCo59
     TYPE -- boundary

     This ia an activation problem - photon results for total and
differential response
       are given at a time of  1.000E+00 sec
       and represent 'activities', i.e. they include a 1/sec term arising
from
       the decay constant(s).
     TOTAL RESPONSE PER SOURCE PARTICLE
     (Integrated over all energies, times and angles and with all masks and
     response functions included. Units of response are those of the
response
     function (if any) times particles/cm^2. fsd is the fractional standard
     deviation = std. dev./response.)
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particle       response        std. dev.         fsd             fom

  photon      6.0659E-11      1.6692E-11      2.7518E-01      7.1153E+02

time dependent results for activation problem

               time, sec          response/sec

              1.0000E+00           6.0659E-11

              1.0000E+01           6.0060E-11

              1.0000E+02           5.4391E-11

              1.0000E+03           2.0203E-11

              1.0000E+04           8.6557E-14

activation results as a function of half-life (and assumed isotope
and

reaction - check ACTIVATION LISTING BY HALFLIFE to see what other

isotopes and/or reactions may contribute to specific results)

time  =  1.0000E+00 sec

isotope   reaction     half-life      half-life   response/sec   fsd   % of total

Co59         n,2ng   1.05E+01 min                   6.062E-11  0.275    9.99E+01

Co59           n,g   5.27E+00 yr                    3.656E-14  0.021    6.03E-02

Co59           n,g   1.05E+01 min   5.27E+00 yr     5.407E-17  0.019    8.91E-05

time  =  1.0000E+01 sec

isotope   reaction     half-life      half-life   response/sec   fsd   % of total

Co59         n,2ng   1.05E+01 min                   6.002E-11  0.275    9.99E+01

Co59           n,g   5.27E+00 yr                    3.656E-14  0.021    6.09E-02

Co59           n,g   1.05E+01 min   5.27E+00 yr     5.380E-16  0.019    8.96E-04

time  =  1.0000E+02 sec

isotope   reaction     half-life      half-life   response/sec   fsd   % of total

Co59         n,2ng   1.05E+01 min                   5.435E-11  0.275    9.99E+01

Co59           n,g   5.27E+00 yr                    3.656E-14  0.021    6.72E-02

Co59           n,g   1.05E+01 min   5.27E+00 yr     5.122E-15  0.019    9.42E-03
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time  =  1.0000E+03 sec

isotope   reaction     half-life      half-life   response/sec   fsd   % of total

Co59         n,2ng   1.05E+01 min                   2.013E-11  0.275    9.97E+01

Co59           n,g   5.27E+00 yr                    3.656E-14  0.021    1.81E-01

Co59           n,g   1.05E+01 min   5.27E+00 yr     3.276E-14  0.019    1.62E-01

time  =  1.0000E+04 sec

isotope   reaction     half-life      half-life   response/sec   fsd   % of total

Co59           n,g   1.05E+01 min   5.27E+00 yr     4.902E-14  0.019    5.66E+01

Co59           n,g   5.27E+00 yr                    3.655E-14  0.021    4.22E+01

Co59         n,2ng   1.05E+01 min                   9.799E-16  0.275    1.13E+00
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Parallel Processing
COG will execute concurrently on a set of networked workstations or on a MPP
(Massively Parallel Processor), using either the PVM1 (Parallel Virtual Machines)
control system or the MPI2 (Message Passing Interface) library. Concurrent
processing is the fastest way to solve long COG problems, and also one of the best
ways to take advantage of workstation capacity which frequently goes unused on
nights and weekends.

Briefly described, COG runs on a set of computational nodes using a master-slave
relationship. The instance of COG which the user starts up becomes the master
process for the COG job. If PVM is used, the master COG starts up slave COG
processes on a specified set of workstations, or on a specified number of
computational nodes on an MPP. If MPI is used, the user must specify to the parallel-
computations control system outside of COG, the set of computational nodes on
which the COG problem is to be run.

The parallel processing control structure used is master/slave with domain replication.
Each slave runs its particles using the complete time, energy, and spatial domains of
the problem. This obviates the need for slaves to pass particle information to each
other. Communication only occurs between the master and the slaves, and typically
takes only a tiny fraction of the total run time. This allows the performance of COG
to scale nearly linearly with the number of slave nodes used in a calculation.

For shielding problems, each slave is given a starting random number seed, a number
of particles to run, and a reporting time interval (in wall-clock minutes). Each slave
runs until it has transported the specified number of particles or until the reporting
time interval has elapsed. The slave then reports its results to the master, which
accumulates them. Each reporting slave is immediately restarted with another number
of particles to run. This sequence continues until the number of reported particles
processed meets or exceeds the number of particles specified by the user for the entire
run. Then all slaves are stopped, and the master completes the processing of the
accumulated results. Because each particle trajectory is independent of all others, it
does not matter which trajectories are calculated on which machine. We get as good
an answer from a parallel calculation as from a serial one.

Criticality problems have a different organization than shielding problems. In the
usual serial mode, a batch of fixed size is run and the number of fissions caused by
the batch is tallied. The desired quantity keff  is defined as the ratio of fission-source
neutrons  of successive generations. Because the fissions created by one batch are
used as the neutron source for the next batch, the source evolves from the start of the
calculation until some equilibrium source distribution is achieved (this is termed the
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"settled" source). After the specified number of "settling" batches are run, COG
averages the batch keff  over all subsequent batches.

In parallel mode, each slave node is given a starting random number seed and
requested to calculate an indefinite sequence of batches. Once the criticality source
distribution on a node has settled into an equilibrium state, one batch result for keff  is
as good as any other. Each slave works independently according to its speed and
workload and reports batch results for keff  to the master as they are computed. The
master collects the individual batch results and averages them across all nodes. When
convergence tests are satisfied, the master stops the slaves and compiles the final
results.

These methods are efficient, in that they produce an answer in the shortest possible
wall-clock time, and robust, in that they are resilient to processor failures. All slaves
are kept busy (never waiting to receive instructions from the master). If one or more
processors fails or bogs down due to increased loads from other processes, the
computational load automatically shifts to the remaining slaves. Satisfactory job
completion is assured as long as just one slave and the master node remain alive.

Setting Up A Parallel Processing Run
To run COG in parallel processing mode, the PVM control system or MPICH
libraries must be installed on all workstations/MPPs you wish to run on.
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The PARALLEL Data Block
The configuration desired for a COG parallel processing run is specified by the
PARALLEL Data Block.

It has the form:

PARALLEL {NSLAVES ns} {TSLAVES ts} {NPARTSLAVE npts}

{SYNC} {RNSLAVES rn1a rn1b....} {SEQNO seqn1 seqn2 ... }
{HOSTFILE path-to-hostfile }

where:

ns is the number of COG slaves to be run,—default =1, maximum number
determined by availability.

ts is the slave reporting interval (in minutes)—default = 10.

npts is the number of particles which each slave will be requested to run—default is
the total number of particles left to run in the entire job. For the usual shielding
problem, this parameter should be omitted.

SYNC means to use the Synchronous control mode, which is primarily useful for
debugging. The normal user mode is the robust and efficient Asynchronous (the
default mode).

rn1a rn1b ... are starting random number seeds (one pair of seeds is required for each
COG slave). Each seed is an integer in the range (1,30000), approximately (See
section: BASIC Data Block : Starting Random Numbers – RN). The default is that
the master COG chooses starting seeds.

seqn1 seqn2  ... may optionally be provided, one per slave. This starting sequence
number is the ordinal number in the sequence determined by the starting seeds, of the
first random number to be used by the slave. Default is 1.

path-to-hostfile gives the complete pathname to the PVM hostfile for this run. This is
only needed for runs under PVM. COG will read the hostfile for COG inputs
embedded in COG Comment lines.

Most users will only need to set the number of COG slaves ns and the slave reporting
time interval ts. (ts is ignored for Criticality jobs).

Under PVM, COG will assign slaves to the PVM hosts in round-robin fashion,
beginning with the host on which you start up COG, then progressing down the list of
hosts given in the PVM hostfile, until all ns COG slaves have been started up. For
each host, COG will start up ncpu slaves (as specified in the COG Comment lines in
the PVM hostfile) or one slave (by default). If COG has cycled through all hosts in the  
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list, and more slavesremain to be started, COG begins another slave assignment cycle. 
Under MPI, the assignment of slaves to nodes occurs outside of COG, in the parallel-
processing control system used on the machine. The number of computational nodes
requested must equal ns +1.
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Control Modes for Shielding Calculations
In the normal Asynchronous control mode, each COG slave runs until the requested
number of particle trajectories npts is run or until ts wall-clock minutes have elapsed.
Each slave returns its results to the master, and is immediately restarted with another
batch. The problem terminates when the master has accumulated results for the
number of particles specified for the entire run.

In this Asynchronous mode, ts is the controlling factor for efficiency. If ts is set too
large, then the calculation tends toward single-processor performance. In the extreme,
if ts is so large that the fastest processor completes the entire calculation in time ts,
then the efforts of all the other slaves are wasted. At the other extreme, if ts is very
small, then the overhead associated with passing results to the master and
accumulating them could become large. It is expected that values of ts in the range of
5 to 20 minutes should prove satisfactory in most situations. The amount of wall-
clock time spent in "wasted" calculations (i.e., those which are discarded at the end of
a run) is expected to be of order ts(ns-1)/2. In the Asynchronous mode you need not
specify npts; it will default to the number of particles remaining in the problem.

By setting the SYNC flag, the user can run in the Synchronous control mode. In this
mode, each slave is started to run npts particles (which must be specified), for an
unlimited time. Every slave must report back its results to the master before any new
assignments of npts particles are given out. This synchronizes the slaves to run in
well-defined cycles. By the end of the run, each slave will have run exactly the same
number of particles. By specifying the starting random number seeds, this parallel run
can be exactly reproduced. This is very useful for debugging, although inefficient for
processing. By contrast, the Asynchronous mode is efficient but essentially
irreproducible, because the order in which new assignments are given out, and the
total number of particles transported by any one slave, depend on the (changing)
machine load and network traffic.



Parallel Processing
The PARALLEL Data Block
Control Modes for Criticality Calculations 9/1/02

– 374 –

Control Modes for Criticality Calculations
In the normal Asynchronous mode, each slave independently runs batches of size
npts = npart (where npart is set in the CRITICALITY Data Block). ts is ignored.
Each slave returns its results to the master, and is immediately restarted to run another
batch. The results from all slaves which have run the requisite number (nfirst ) of
"settling" batches are used to determine the average keff. The problem terminates
when the master determines that convergence has occurred. The "unsettled" results
from the first reporting node are saved so that the progress towards settling can be
later reported.

By setting the SYNC flag, the user can run in the Synchronous mode. In this mode,
each slave independently runs batches of size npts = npart/ns (where npart is set in
the CRITICALITY Data Block).  ts is ignored. Every slave must report back its
results to the master before any new assignments are given out. This synchronizes the
slaves to run in well-defined cycles. By specifying the starting random number seeds,
this parallel run can be exactly reproduced. This is very useful for debugging,
although inefficient for processing.   
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Running COG in PARALLEL Mode under MPI
MPI requires a controlling routine to start up parallel processes. Most systems have
the mpirun routine available for this purpose.

Start COG in parallel-processing mode by typing:

 mpirun -np nproc  path-to-COG   -master inputfile

where:

nproc  is the number of processors to use in this calculation, = number-of-slaves + 1.

path-to-COG  is the path to the COG executable, e.g., /usr/local/cog/COG10.14;

-master signals COG to organize a concurrent calculation, with itself as the process
master. If this is omitted, then COG will run the job in ordinary serial mode,
regardless of any PARALLEL Data Block in the input file.

inputfile is the name of the COG input file.

Output files from the Master contain the final results. These files have the name of
inputfile with an appropriate suffix appended, such as in1.out, in1.ps, etc. They
reside in the same directory as inputfile. Slave COG processes on other nodes also
produce output files which are written to local  directories. These are named like the
Master output files, but with an Snn, such as in1S03.out. These files are only of
interest if the slave process fails to finish normally, and in fact these are purged by
COG if the slave terminates normally.

For longer-running COG problems, mpirun can be run as a background job, or there
may exist a batch-processing system to which you can submit a parallel COG job.
Regardless of the system which launches COG, the COG execute line must include:

path-to-COG   -master inputfile

When Trouble Occurs...
• Check the log files created by MPI.  One will contain the console listing which
would normally go to your screen when COG runs. This file may contain error
messages from the slaves on this machine.

• Check the slave output files for error messages.
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Running COG in PARALLEL Mode under PVM
Under PVM, COG itself can start up the slave processes.

Start COG in parallel-processing mode by typing:

 COG -master inputfile

where:

-master signals COG to organize a concurrent calculation, with itself as the process
master. If this is omitted, then COG will run the job in ordinary serial mode,
regardless of any PARALLEL Data Block in the input file.

inputfile is the name of the COG input file.

Output files from the Master contain the final results. These files have the name of
inputfile with an appropriate suffix appended, such as in1.out, in1.ps, etc. They
reside in the same directory as inputfile. Slave COG processes on other nodes also
produce output files which are written to the directories specified by the "output"
directive in COG Comment lines in the PVM hostfile (or by default, to your root
directory). These are named like the Master output files, but with an Snn, such as
in1S03.out. These files are only of interest if the slave process fails to finish
normally, and in fact these are purged by COG if the slave terminates normally.

When Trouble Occurs...
• Check the log files created by PVM.  One will contain the console listing which
would normally go to your screen when COG runs. This file may contain error
messages from the slaves on this machine.

• Check the slave output files for error messages.

• PVM tables may be left in a corrupted state by code crashes. Try typing the pvm
reset command in the pvm window and rerun COG. You may also type the unix
command ipcfree to clean up shared memory after a crash.

You may have trouble adding hosts to your current Virtual Machine. It may work if
you halt all pvm processing, and restart pvm using a host file which contains
information on all the hosts you want to us
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Understanding Your COG Run
Each COG run produces several output files, which reside in the same directory as the
COG input file. These files give you the detector results (which are the principal
"answers" of a COG run) and also provide much additional information to help you
evaluate the validity of your answers. This section describes the contents of these
files, and presents some statistical considerations to help you evaluate uncertainties in
the results and detect under-sampling problems.

COG OUTPUT Files
COG output files are named by adding suffixes to a root name, which is the name of
the user-supplied input file. Where output file names are discussed in this manual, the
root name is indicated by … \

Graphics Output – The … .ps File
The following graphics output is included in the … .ps file.

Geometry pictures (optional). By including appropriate PICTURE commands in the
GEOMETRY Data Block, the user can draw detailed cross sectional and/or
perspective pictures of the problem geometry. These PICTURES serve two purposes.
First, they help the user verify that the geometry is correct in concept and execution
—  are the collimators properly situated? — is the lead shield in place? Second, it is
at this point that COG does error checking on the GEOMETRY, since error checking
during the random walk would be too time consuming. While generating these
pictures, COG checks that all points in the view fall in one and only one defined
SECTOR. Particles which are transported through an improperly-defined geometry
—  one in which two or more sectors (elementary volumes) overlap — may get "lost"
and do unexpected things. Unless the final problem results are obviously wrong, the
user may not be aware there is a problem and the code will calculate an inaccurate
result — if it doesn’t blow up during execution. Only the portions of the
GEOMETRY contained inside each PICTURE is checked for overlapping SECTOR
definitions, consistent SECTOR specifications, etc.  The user should check all the
GEOMETRY by drawing a complete set of PICTURES. See the section PICTURES
of the Geometry.

Detector response functions. For each detector, all response functions specified in
the form of a distribution are plotted. This includes all time response functions, all
polar angle response functions, and energy response functions in the form of energy-
response pairs. (Energy response functions given as dose, energy-deposition, etc. are
not plotted). These plots help the user catch data-entry errors. See section Detector
Response Functions (DRFs).
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Source description (for non-criticality problems). Each SOURCE Data Block
DEFINE statement (which specifies a POSITION, ENERGY, ANGLE, or TIME
dependence of the source) is plotted.  See section SOURCE Data Block. Material
cross sections (optional). You can set flags in the I/O Data Block to:

•  generate plots of the material total macroscopic cross section of all materials
specified in the MIX Data Block, for each particle type specified. Cross-section units
are in inverse cm.

• generate plots of the isotope/element total  cross section of all materials specified in
the MIX Data Block, for each particle type specified. Cross section units are in
barns/atom. See section The I/O Data Block.

ANALYSIS (optional).  By specifying an ANALYSIS Data Block, the user can have
COG plot the densities of particle collisions, in specified portions of the problem
phase space. These pictures show collision sites within a physical volume for a
specified particle type, energy range, and weight window. These analysis pictures are
very helpful in learning where reactions are occurring in your problem. See section
ANALYSIS Data Block.

Criticality results (for criticality problems).

For a Criticality problem, COG will produce these plots:

•  Individual batch keff vs. batch number;

•  Average keff  (calculated using last n batches) vs. first batch used in average;

•  Average keff  (averaged over 5 batches) vs. batch number;

•  Average keff (averaged over 10 batches) vs. batch number;

•  Average keff (averaged over 15 batches) vs. batch number;

•  Distribution of keff, with a test for normality;

•  Fraction of fission neutrons born with energy < E, vs. E.

Detector results. Each 1-D set of differential results (BIN structure) specified for a
DETECTOR will generate three plots in the ….ps graphics file. The first plot is the
detector response as a function of the differential (BINned) quantity. The second plot
shows the same data, with the addition of dotted lines to indicate both plus and minus
one standard deviation. The third plot is the running integral response. Each set of 2-
D differential results (BIN structure) specified for a DETECTOR will generate a
density plot representation of the results vs. the two variables. See section Plotting
Detector Differential Results.
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Graphics Output
Graphics output files are in postscript format and are produced via the PGPLOT
graphics library, developed at the California Institute of Technology. These files have
the name of inputfile with the suffix ps appended, such as input.ps . You can view
the input.ps file by running the freely distributed programs gs (ghostscript), or gv
(ghostview), or any other postscript viewer.

Text Output – The … .out File
The COG ….out file is the main output file which gives COG’s interpretation of the
input data,  the DETECTOR results, and several standard tables. This output file is an
ASCII text file. You should examine it to see if the input is what you anticipated and
if the results seem “reasonable.” Examples of the ….out file are given after some of
the example problems following this section.

SOURCE Data Block: Average source parameters. COG tabulates for the source,
the minimum, maximum, and average values of the various source parameters. These
are listed in this section. This table is intended as a check, in broad terms, of the
source description,

Regional Summary Result tables. COG produces a detailed synopsis of all the
random walk histories in the form of summary tables for all problem regions. An
example is given below. The tables consist of, for each REGION, seven columns
headed by Event, Part, # of Events , Removal Weight, Addition Weight, Deposited
Energy (MeV), and Energy Balance (MeV). "Event" lists types of events, and may
include entries such as fixed source, current-in, current-out, leakage, splitting, elastic,
(n,g), Compton. "Part" indicates the particle types involved in the event.  "# of
Events" records the number of such events.  "Removal/Addition Weight" denotes the
total statistical weight removed from/added to the REGION by the event. "Deposited
Energy (MeV)" tallies the energy deposited in the REGION by the event. "Energy
Balance (MeV)" records the change in particle kinetic energy in the region, due to
this event.

Scaling of Regional Summary Results:    The values in the REMOVAL,
ADDITION, DEPOSITED, and BALANCE columns are computed per source
particle, then multiplied by the source strength. As an example,  we reproduce a part
of the summary tables for a COG neutron-source problem (source strength = 1) and
discuss the table entries.
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REGION NUMBER   10
                   # OF           WEIGHT             ENERGY (MEV)
   EVENT     PART  EVENTS  REMOVAL    ADDITION   DEPOSITED    BALANCE
------------ ----  ----  ----------  ----------  ----------  ----------
CURRENT IN   NEUT  1000   .0000E+00  1.0000E+00   .0000E+00  3.0000E+00
LEAKAGE      NEUT   978  9.7800E-01   .0000E+00   .0000E+00 -8.5487E-01
             PHO    186  1.9696E-01   .0000E+00   .0000E+00 -1.5616E-01
ELASTIC      NEUT 28317  2.8317E+01  2.8317E+01  9.1444E-01 -9.1444E-01
(N,N'G)      NEUT   878  8.7800E-01  8.7800E-01  1.4798E-01 -1.2281E+00
             PHO    878   .0000E+00  9.2059E-01   .0000E+00  1.0801E+00
(N,G)        NEUT    22  2.2000E-02   .0000E+00  8.8243E-03 -2.6279E-03
             PHO     22   .0000E+00  4.2176E-02   .0000E+00  1.6386E-01
RAYLEIGH     PHO    370  4.0781E-01  4.0781E-01   .0000E+00   .0000E+00
COMPTON      PHO   6331  6.8776E+00  6.8776E+00  9.8058E-01 -9.8058E-01
PHOTOELECTRICPHO    740  8.0652E-01  2.9176E-02  6.2675E-02 -6.2675E-02
PAIR PROD    PHO      7  1.1547E-02  2.3094E-02  4.4521E-02 -4.4521E-02
----------  -----  ----  ----------  ----------  ----------  ----------
 TOTALS     NEUT         3.0195E+01  3.0195E+01  1.0712E+00 -1.5673E-07
            PHO          8.3004E+00  8.3004E+00  1.0878E+00  4.1936E-10
            ALL                                  2.1590E+00

                               STATISTICS ON PRE-COLLISION WEIGHTS
                               MINIMUM       MAXIMUM       AVERAGE
                 NEUT        1.0000E+00    1.0000E+00    1.0000E+00
                 PHO         1.0000E+00    3.8122E+00    1.0880E+00

CURRENT IN: 1000 neutrons ADD a weight of 1.000 to the region. The BALANCE
term indicates the change in total neutron particle energy in the region due to
CURRENT IN. This term is the product of particle weight and particle kinetic energy,
summed over all CURRENT IN events.

LEAKAGE: 186 photons REMOVE a net photon weight of  1.9696E-01 by leaving
(leaking from) the problem geometry.

ELASTIC: 28317 neutrons undergo elastic collisions, which leave the net weight of
neutrons in the region unchanged. However, nuclear recoils deposits energy
(9.1444E-01 MeV) and cause an equal decrease in the neutron energy in the region,
as indicated by the BALANCE term.

(N,G): 22 neutrons enter into (n,gamma) collisions and are absorbed (REMOVAL
weight of 2.2000E-02). These reactions deposit energy and decrease the neutron
energy in the region (BALANCE term is negative). These reactions also produce
gammas (ADDITION of 4.2176E-02) and increase the photon energy in the region
(BALANCE term is positive).
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PHOTOELECTRIC: 740 photons undergo photoelectric interactions, resulting in a
REMOVAL weight of 8.0652E-01. Radiative relaxation of the target atoms produces
an ADDITION weight of 2.9176E-02 photons. Some energy is deposited locally,
decreasing the energy in the photon field.

The TOTALS show that the ADDITIONs equal the REMOVALs for both neutrons
and photons, and the BALANCE values are approximately zero, as they should be,
showing that the changes in particle energies for all events have been properly
accounted for. The total energy deposition is 2.1590E+00 MeV, approximately
evenly divided between neutron and photon deposition events.

The "Statistics on Pre-Collision Weights" show the minimum, maximum, and average
weights for each particle type, just before a collision occurs. This gives the user some
idea of the weights of particles interacting in this region.

Note that the  "# of Events" counts the number of particles that undergo the specified
event; it does not measure the particle statistical weight, so the value is not a real
answer (e.g., a flux estimate).  However, if this number is small, the results will have
a large uncertainty.  If it is large, the results will be more certain.

Each table row lists a particular event or reaction that occurred within the region.
There are about 100 different such events, so this example, or any real problem, will
show only a few of them.  The labels will properly identify each event.  Listing each
reaction type greatly lengthens the summary tables, but it serves to inform the user of
the underlying transport physics.

There are other facts you should keep in mind when examining the summary tables:

•  Any REGION which was specified in a problem and had no events occurring in it,
will be identified by printing the reg-ID# and the titles, but it will have no additional
data.

•  A REGION with reg-ID# = 0 exists in all problems, even if the user did not define
one.  It is a REGION which encompasses all undefined volumes in the problem.
Generally, it represents a void outside of the defined geometry, extending to infinity.

•  A low-energy event signifies that a particle has reached an energy less than the
tabulated cross-section data.

•  The " # of Events" means the number of particle entering into a reaction or an
event, not the number of particles exiting from such events.

•  If secondary particles are included in a problem, the sum of all deposited and
leaked energy may be more than the total source energy. This can occur for a couple
of reasons. Reactions with positive Q-values will create particle energy in the region.
And limitations in the COG database for some reactions, particularly (n,Xg), permit
COG to conserve energy for those reactions only on the average.



Understanding Your COG Run
COG Output Files 9/1/02

– 383 –

Detector results: Mean and Standard Deviation. The result obtained by a Monte
Carlo calculation of a problem is a mean value, obtained by averaging N individual
particle contributions. If we reran the calculation many times, using the same value of
N but different sets of random numbers, we would get a set of mean results, which
would be distributed about some average value, with some dispersion or standard
deviation.  The size of the standard deviation tells us how closely any one mean result
comes to the "true" answer – one we would get if we reran the problem an infinite
number of times and averaged all results.

Many Monte Carlo codes operate in what is known as a batch mode, e.g. 10000
histories will be run as, say, 50 batches of 200. The contributions within each batch
are averaged to yield a batch result; the statistics, the mean and the standard deviation
of the mean, are then calculated based on these batch answers, not on the original
individual contributions. COG, on the other hand, uses an effective batch size of 1,
i.e., all contributions to a result arising from a single source particle and all its
progenies are summed to form a "batch" answer. The mean and the standard deviation
of the mean are calculated from each contribution made by each source particle. See
the following section COG Statistical Considerations for more information on how
to interpret the statistical significance of COG results.

Detector results: Ten largest contributors. For each detector COG lists the source
particles which made the ten largest contributions to the total detector response  —
by particle sequence number and by percent contribution. The particle sequence
numbers are given to enable a RETRACE  to determine the phase space parameters
corresponding to these "important" contributors. If the top ten particle percent
contributions are small and about the same, then one of two situations prevails. Either
there are many significant contributions and the results are valid, or the problem is
under sampled, there are no significant contributors, and the results are not valid.
There is no sure way of distinguishing between these two alternatives. On the other
hand, if only a few particles contribute almost all the answer, then it is obvious that
the problem is under sampled (see section The Problem of Under Sampling) and
steps can be taken to rectify the situation. The RETRACE option can be used to
determine why certain particles are important. This informationcan then be used 
to bias the problem so as to produce more of these high scores and,hopefully, a 
more believable result.
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Detector results: Contribution by scattering generation. The total-response-as-a-
function-of-scattering-events-since-source-generation is given to provide added
insight into the problem. If almost all the answer comes from 0-scattered (uncollided)
particles, the problem is very simple and could probably have been solved more
quickly by hand. If a large fraction of the answer comes after several or many
scatterings, then the problem is fairly complex and the particles probably travel a
convoluted path to reach the detector.

If particles scatter many times and make only small contributions to the result, it may
prove beneficial to do biasing to avoid spending time following these unimportant
particles. For example, doing Russian roulette, (see WALK-COLLISION or
WALK-BC) with a survival probability, b =  0.9, reduces the probability of particles
scattering 10 times by about 3, scattering 20 times by about 9, etc.

Detector results: Contribution by region (for POINT DETECTOR). For a POINT
detector, COG lists the percentage of the total detector response arising from
scattering events in each REGION, thus identifying the important REGIONS in the
problem. This information can be used in future runs to bias the problem to force
more particles to interact in the important regions, or to LIMIT the POINT detector
calculation to reduce the time spent doing unimportant computations.

Detector results: Differential (BINned) results. COG lists differential results for
each requested binning structure, in ENERGY, ANGLE, or TIME.

Detector Output  The … .det File
Key DETECTOR results for each DETECTOR are reproduced in the ….det file in a
tab-delimited form acceptable to many common plotting applications. Some
application programs may require minimal editing of the file for it to be useable. This
same data is contained inside the ….out file, but in a less convenient form. Because
different types of data may be requested by different DETECTORS, column headings
and labels are not stated in the ….det file. The user should read the ....out file to find
the proper units and headings for the various ….det file columns.

Cross Section Files
By setting appropriate flags in the I/O Data Block, COG will write disk files that
contain:

• the total macroscopic cross section in inverse length units, e.g. cm-1, for each
material and particle type in the problem;

•  the total cross section in barns/atom for each isotope/element and particle type in
the problem.   

See section The I/O Data Block.
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LIST of Scoring Particles – The … .lst File
Every time a particle is scored into one of the ENERGY BINS of your detector, COG
checks to see if the LIST option is enabled, and if the scored energy also falls into one
of the LIST energy ranges. If so, the scoring particle properties are listed in a file
named ....list. Particle properties LISTed include the particle sequence number, the
scored energy, and the index of the ENERGY BIN in which the particle was tallied.
See section LISTing Properties of Scoring Particles.

COG Statistical Considerations: Elementary Statistics
We give here simple definitions of some basic statistical concepts and quantities,
which may help users better understand their COG results.

For a COG problem, let xi be the contribution to a specified detector from a particular

event history i. The collection of all possible xi's is called the population. The answer

to the problem is just the average of the xi's over the population. This population

mean is given by

m = Âxi/N,

where N is the population size, i.e., the total number of possible event histories. The
population variance

s2 = Â(xi - m)2/N,

 measures the average squared displacement of the individual xi's from the mean. The

population standard deviation, s, is just the square root of the population variance. A
small variance indicates the xi's are tightly bunched about the mean, while a large

variance denotes a large spread (dispersion) in the xi's. m and s2 are parameters of the

population.

 A (random) sample is a (randomly selected) subset of the population, i.e., a
collection of n xi's (randomly) chosen from the collection of all possible xi's, where n

is the sample size. The sample mean and sample variance are given by

 < x > = Â xi/n

and

s2 = Â (xi - < x >)2/ (n - 1)

respectively, where again the sample standard deviation, s, is just the square root of

the sample variance. < x > and s2 are statistics of the sample.
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As we stated, the answer to the problem is m. (m=  ∑xi/N∞  as N approaches infinity,

being defined as truth.) But, since in reality N is infinite, it is very difficult indeed to
compute each of the required xi's. So, in effect, the exact value of m is unobtainable.

We are saved by the fact that the Law of Large Numbers tells us that in the limit as n
approaches N , < x  > approaches m. So if we can take a large enough sample, then <
x > is a good approximation to m (and, in addition, s is a good approximation to s).
The quantity < x > is a random variable since its value depends on the xi's

corresponding to the particular event histories making up the sample. That is, each
sample of size n would produce a different value for < x >. The distribution of < x >'s
for all possible samples of a given size is called the sampling distribution of the mean.
This leads to another important result in the theory of statistics.

The Central Limit Theorem.

For a population with mean m and variance s2, the sampling distribution of the mean
for sample size n has a mean mm = m , and a variance s2m =s2/n. The sampling
distribution of the mean approaches a normal distribution as n increases, even if the
underlying population distribution is far from normal.

This means that as the sample size increases, the distribution gets more and more
narrow — the "width"  or dispersion of the distribution goes like one over the square
root of n, i.e.,

sm µ 1/√n

Hence as n increases, the possible values of < x > are grouped tighter and tighter
about mm = m. In addition, the distribution tends toward a normal distribution, so that
the standard deviation begins to take on its usual meaning. The following statement,
though not quite correct, is close enough for our purposes. For a normal (Gaussian) 

probability distribution, the probability that m lies in the interval:

(< x > -   sm,  < x > +   sm)   is ≈ 66%, answer within 1 sigma;

(< x > -  2sm,  < x > +  2sm)  is ≈ 95%, answer within 2 sigma;

(< x > -  3sm,  < x > +  3sm)  is ≈ 99.7%,   answer within 3 sigma.

This sets real limits on m and, therefore, on the possible answers.  The standard
deviation quoted by COG for each result is the estimate sm of sm, where sm = s/√n.
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If n, the number of significant contributions to a COG result, is  ≥ 30, then the Central
Limit Theorem tells us that we have sampled from an approximately normal
distribution. In this case the 1sm, 2sm, ... confidence limits given above are reliable.
On the other hand, if the number of significant contributors is small,  an
approximately normal distribution is not guaranteed. For this case a theorem due to
Chebyshev states that the probability m lies in the interval:

(< x > -  4.5sm,  < x > +  4.5sm)  is ≈ 95%.

Keeping in mind that there is still a 5% chance for the "true" result to lie outside the
given range, these broad limits on  m are not very satisfactory. One needs to run
longer or bias the problem so as to get a larger number of "significant" contributions
to narrow the dispersion of the mean.

The Problem of Under Sampling
We now deal with a situation that is very common in deep penetration studies —
under sampling. As an introduction let us paraphrase a question we have been asked
by many COG users. "I made a COG run, got an answer with good statistics, and
thought I had a believable result. I repeated the run with minor (or no)  changes, got a
much different answer, and the statistics were much worse! What happened?" .

The following example may help explain what is going on. We are going to construct
a problem simple enough that we can calculate the probability of any detector result
which COG might realize for this problem. Then we can compare the COG-computed
result statistics with the a-priori probability of the result. This example is, of course,
idealized to keep the calculations simple, but the basic results are valid and apply in a
general way to under sampled problems.

Consider a problem consisting of a source, geometry, and detector, with the caveat
that the probability of a scoring event - i.e., a particle leaving the source, traversing
the geometry, and contributing to the detector - is very small. Let us define:

p1 = probability that a source particle will score = .001;

p0 = probability that a source particle will not score  = .999;

c1 = detector contribution for a scoring particle = 1;

c0 = detector contribution for non-scoring particle = 0 to 0.000002.
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If the detector in question was of the BOUNDARY or REACTION type, then c0

would be 0, because particles must actually reach the detector to score. POINT
detectors, on the other hand, must calculate, for each scattering event, some
contribution, albeit maybe a very small amount, to the detector. We assume we are
dealing with a POINT detector, i.e., c0 can only take on non-zero values. The

expected (average) result, per source particle, is:

< c > = p1c1 + p0c0 ª 0.001.

The actual result obtained by running COG on this problem will be:

c = [mc1 + (n - m)c0]/n,

where m is the number of scoring particles, and n is the sample size, i.e., the total
number of particles leaving the source. The expected number of scoring particles is:

< m > = np1.

Under sampling occurs when < m > is of order 1. This is the case when very few
particles contribute appreciably to the result.

The law of large numbers tells us that as n approaches ∞, m approaches
< m > and, therefore, c approaches < c >. For finite n the situation is much different.
The particle scoring probabilities describe a binary experiment (where the score is
either 1 or effectively 0), so we can use the binomial probability distribution function
to compute the probability of various outcomes. We can compute the probability of
getting 0 scoring particles, 1 scoring particles, 2 scoring particles, etc. for a given
sample size. We will compare this to the COG-computed FSD statistic, which
estimates the Fractional Standard Deviation of the mean result:

FSD = sm/r,

where

r = detector result = ∑ci/n;

sm = estimate of the standard deviation of the mean result

      = s/√n;

where

s = estimate of the sample standard deviation

   = [ Â (ci - < c >)2/ (n - 1)]1/2
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Table 1 summarizes the possible outcomes for sample size n = 1000. For this sample
size, the expected number of scoring particles < m > = 1, and the expected score < c >
= .001. Columns are m (the number of scoring particles), P(m) (the binomial
probability of this outcome), c (the detector score), and FSD (the COG-computed
statistic).

TABLE 1
n = 1000     < m > = 1     < c > = .001

# of scoring
parts.

 m
Pr(m)

Detector
Score
c

FSD

0 0.368 0.001 0.02
1 0.368 0.001 1.00
2 0.184 0.002 0.71
3 0.061 0.003 0.58
4 0.015 0.004 0.50
5 0.003 0.005 0.45

If we run our COG problem many, many times with different starting seeds, we
would get a frequency distribution of results that approximates the Table
probabilities. We would find that in ª1/3 of the runs we get no scoring events (m =
0). The result c for this case is smaller than the expected result by a factor of 1000,
but it exhibits a very good FSD statistic. If we didn't know better, we might well
believe this result. In another ª1/3 of the runs, we would get one scoring particle (m =
1) and compute the expected answer of 0.001. But in this case the FSD is so large we
would ordinarily reject this result! Continuing with the analysis, ª 1/5 of the runs
would yield a result a factor of 2 higher than the expected result, again with a large
(but decreasing) FSD.

This analysis points out two pertinent facts. First, if your problem is under sampled
and you have tallied few if any real scoring events, you can't easily tell!  You may be
spending all your time calculating a very precise wrong answer. To help you detect
this problem, COG provides several scoring diagnostics which include the number
and types of reactions in each problem REGION, the percent of the detector result
which comes from the top ten scoring particles, etc.

The second fact obtained from Table 1 is that to improve statistics you need to
increase the number of scoring events. This may be accomplished in either of two
ways: by making longer runs, or by making use of biasing techniques to increase the
probability of a scoring event.  To demonstrate this, we show in Table 2 the outcomes
for a sample size of n = 10000, which yields an expected number of scoring events <
m > = 10. Alternatively, we could achieve the identical outcomes by using the former
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sample size n = 1000, but biasing the problem so that the probability of a source
particle scoring is now p = .01.

TABLE 2

n = 10000     < m > = 10     < c > = .001

# of scoring
parts.

 m
Pr(m)

Detector Score
             c FSD

0 4.5X10-5 1.x10-6 0.005

1 4.5X10-4 0.0001 1.00

2 0.002 0.0002 0.71
3 0.007 0.0003 0.58
4 0.019 0.0004 0.50
5 0.037 0.0005 0.45
6 0.063 0.0006 0.41
7 0.090 0.0007 0.38
8 0.113 0.0008 0.35
9 0.126 0.0009 0.33
10 0.126 0.0010 0.32
11 0.114 0.0011 0.30
12 0.095 0.0012 0.29
13 0.073 0.0013 0.28
14 0.052 0.0014 0.27
15 0.035 0.0015 0.26
16 0.021 0.0016 0.25
17 0.013 0.0017 0.24
18 0.007 0.0018 0.24
19 0.004 0.0019 0.23
20 0.002 0.0020 0.22
21 0.001 0.0021 0.22

As can be seen from the table, the probability of getting no scoring events (m = 0)
(and thus an answer too small by a factor of 1000) is now very small,  <  0.0005. The
frequency distribution of possible outcomes is much more sharply peaked at the
"true" result (< m > = 10) and the FSD statistic values are much better. The problem
is no longer under sampled. A better answer, as measured by a smaller fsd, requires
an even larger < m >.
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Precision and Accuracy – a Reality Check
There is an extremely important distinction that should be made between the
precision and accuracy of a Monte Carlo calculation. Precision is the uncertainty in <
x > caused by the statistical fluctuation of the various xi’s utilized in sampling the
particular parameter space of the problem. Accuracy is a measure of how close the
calculated value, < x >, is to the true value, m. The difference between the true value,
m, and the calculated value, < x >, is often called the systematic error, and is seldom
known very well.

The sources of systematic error include errors in the database — the cross sections,
errors in the angular scattering distributions, scattered energy distributions, etc.
Errors can also be made in setting up the input model, or the material compositions.
Errors can occur in the way the data is handled by the code. These errors can be
minimized but never completely eliminated.

In a given Monte Carlo calculation,  the quoted uncertainties refer only to the
estimated precision of the result, not its accuracy. There are several things that can
affect both the precision and the accuracy of a given calculation. Important portions
of physical phase space may not have been sampled because of incorrect energy and
time cutoffs, inappropriate variance reduction techniques (biasing) may have been
used, too few particles employed in the calculation, incomplete modeling of the
problem, insufficient sampling of low probability  events, etc. The user needs to be
concerned about all of these things in order to minimize their effects on his
calculation.

Accuracy is mainly affected by four different factors:

 • the data bases (cross sections) the code uses;

• the Monte Carlo transport code methods;

• the user's modeling of the problem;

• the user's choice of code parameters.

• The available cross section data sets are a major limitation on the accuracy of
any Monte Carlo code like COG. Remember that the cross sections are used in the
exponent of transmission equations. For 20 mean free paths of particle transmission, a
10% uncertainty in the cross section may result in an answer that is "off" by a factor
of 7. All cross sections are measured to only a limited accuracy. In particular, some
neutron data comes from very approximate modeling of nuclear reactions. Cross
sections for gammas are more amenable to modeling and are in much better shape
accuracy-wise. Some neutron cross sections are measured very well and others have
not been measured at all. In general only a few neutron cross sections have been
measured above 20 MeV. If you want a satisfactory estimate of the accuracy of your
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COG results, you will have to determine the accuracy of the cross sections used in
most parts of your problem. This may not be a trivial job, but is absolutely essential
for any reasonable accuracy estimate. One of the ironies of the semi-successful cross
section modeling programs is that there is now very little activity in measuring cross
sections, particularly for neutrons. The accuracy of the present data bases  will likely
not improve until someone finances the cost of new cross section measurements or
until some breakthrough in cross-section modeling is made. • Another possible source
of code errors is inadequate code physics models. Inadequacies can occur in the
mathematical treatment of the models, the physics approximations employed, or in
the coding of the models. As far as we have been able to determine by comparison to
other Monte Carlo codes, mathematical models and experimental results, COG has
included all the applicable physics to the appropriate level of detail needed to produce
accurate results. No large code, such as COG, is bug free. However, COG’s constant
use over the years has ferreted out the vast majority of coding errors and makes the
likelihood of major errors increasingly slight.

• Inadequate physical modeling of Monte Carlo problems by the user is another
source of errors. Significant parts of the geometry may be over simplified, mixtures
of materials (alloys) may be misrepresented as a single material. The source may be
inadequately described in terms of energy, intensity and angular distribution.
Discerning what level of detail to include in a given problem comes only with
experience.

• Inappropriate use of the code will always  be a problem. Variance reduction
techniques (biasing) may be used in inappropriate ways. Other problems include:
inadequate sampling of phase space, inadequate number of particles run,
inappropriate detector specification or choice, inappropriate energy and/or time cut-
offs. Undetected input errors can also occur. A thorough understanding of the
quantities being calculated is needed. Small detector regions typically have very poor
statistics. Detector efficiencies, data reduction, etc. all must be included in any
meaningful accuracy estimate.
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Estimated Errors in COG
All standard COG detector results are computed as results per source particle,
multiplied by source strength. (Exception: if a STEADY-state source is used, then
detector results are given per unit time). All standard COG detector results include the
estimated fractional standard deviation (fsd) defined as: fsd = sm/< x >,

where

< x >  is the mean detector result obtained by summing up each scoring event's
contribution, then dividing by the number of source particles:

< x > = ∑xi/n  ;

sm is the estimate of the standard deviation of the mean result < x >:

sm = s/√n   ;

where

s is the sample standard deviation:

s = [ Â (xi - < x >)2/ (n - 1)]1/2

The fractional standard deviation (fsd) or relative error is easy to use as it gives
statistical precision as a fractional result. Guidelines for interpreting the values of fsd
are give in the following table:

FSD Guideline Table
Range of FSD Quality of Result # of scoring events

m
0.5 to 1. Extremely poor 4 – 1
0.2 to 0.5 Factors of a few (2-5) 25 – 4
0.1 to 0.2 Borderline 100 – 25
<  0.10 Generally reliable (except for

POINT detector)
> 100

<  0.05 Generally reliable for POINT
detector

> 400

Discussions of precision versus accuracy are given in the previous section and should
be referred to in interpreting the given fsd’s in terms of accuracy. The number m is
the estimated number of non-zero scores in the detector that would give the
equivalent uncertainty in fsd. In a typical run,  m < <  n, where n is the number of
particles run; often very few particles actually contribute to the detector’s score. The
table is based on fsd ª1/÷m, where m is the number of particles that are contributing
to the score.
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Electron Transport:
Using the EGS4 Transport Code Kernel

COG solves coupled photon-electron transport problems using  the EGS4 transport
kernel embedded in COG. The EGS (Electron Gamma-Ray Shower) Code1 is a
widely-used coupled photon-electron code package. The advantage of running EGS
inside COG is that the powerful COG Source, 3D Geometry package, and Detector
(scoring) routines  are available for the electron transport. As users of EGS know,
EGS is not a stand-alone application like COG but a "box of cards", requiring the user
to write, compile, and link his own source, geometry, and scoring routines to generate
a stand-alone code. All this user labor is obviated by embedding the EGS transport
kernel in COG.

Electron events are tallied in the COG Region Summaries, and scored by COG
boundary-crossing and reaction detectors. Electron and positron sources may be used.
However, electron transport calculations are slow, so electron transport should be
enabled only for those regions of your problem where it is important for your results.

Whenever an electron-producing photon reaction occurs, COG checks whether the
reaction occurred in a region enabled by the user for electron transport. If not (the
standard case), then the electron energy is immediately deposited. If enabled, then the
electrons are placed on the EGS kernel stack for transport. If secondary photons due
to bremsstrahlung or positron annihilation occur during electron transport, these
photons are placed on the COG stack for COG to follow.

Specifying Electron Transport
If you have an existing COG photon-transport problem input file, you can enable
electron transport by adding the following lines.

To the BASIC Data Block, add the particle type ELECTRON.

Example of BASIC Data Block for electron transport:

BASIC
  PHOTON ELECTRON

This will cause COG to follow electrons in all regions specified as enabled in the
EGS Data Block, and to score electrons in all problem detectors.

You can specify an electron source in the Source Data Block, using the particle-type
electron in the definition of the Source ENERGY dependence.
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The DNEAR Geometry Option
DNEAR is a geometry speed-up option. If enabled, the code computes the distance to
the nearest boundary surface of the current sector containing the electron. The
transport routine can then advance the particle for several steps, without making any
more calls to the geometry module, until the accumulated track-length approaches
this DNEAR distance. This can improve the speed of tracking by about 50%. The
default of DNEAR OFF means that the geometry module will check each proposed
step to see if it will cross a boundary.

To turn on the DNEAR option, add these words to the BASIC Block:

  DNEAR ON  DNEAR is off by default, because it may not result in a speed up in
all cases. The user should determine if this option is useful for his particular job.

Use of DNEAR with the surfaces listed below will usually (but not always) result in a
significant decrease of running time. Use of DNEAR with unlisted surfaces may
increase running time, as some of the DNEAR option code must be executed before
COG realizes that there is no DNEAR calculation available for the surface.

List of DNEAR-capable surfaces:

  Axis-aligned planes

  General plane

  Spheres

  Axis-aligned cylinders

  Axis-aligned cones

  Boxes

  Finite cylinders and truncated spheres (arbitrary orientation)
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EGS Data Block
The EGS Data Block tells the code where to find the electron scattering data file,
specifies the problem sectors for which electron transport is enabled, and optionally
specifies what lower-limit kinetic-energy cutoffs to use. The form of the EGS Data
Block is:

   EGS

PEGSLIB =  pegsfilename

ESECTORS = sect-ID#1  sect-ID#2  . . .

{ ECUT =     ecut1   ecut2 . . . }

Where:

EGS is the keyword indicating the start of the EGS Data Block.

pegsfilename is the name of the PEGS cross-section file,  which must have been
previously prepared by the user. It should reside in the same directory as the COG
input file.  It contains electron collision data for all the materials in your COG
problem, for which electron transport is enabled. At run time, COG matches the COG
material definitions for enabled sectors with material descriptions in the PEGS cross-
section file, by elemental composition and by density. Failure to find a match causes
the code to terminate. See the COG Introduction: Overview of Electron Transport for
information on obtaining the PEGS database generator.

sect-ID#1  sect-ID#2  . . .   are the ID numbers of the sectors for which the user
desires electron transport to be enabled. Primary and secondary electrons will be
tracked only in the specified regions. If an electron crosses from an enabled sector
into a non-enabled sector, the electron energy is immediately dumped.

ecut1   ecut2 . . .  are the optional lower-limit kinetic-energy cutoff values for
electron transport, in MeV, to be applied in one-to-one correspondence to sectors
sect-ID#1  sect-ID#2 . . . . The actual value which COG will use in a region is the
greater of ecut and the PEGS lower-limit kinetic-energy cutoff value found in the
PEGSLIB file. If more ESECTORS are specified than ECUT values, the last
entered ECUT value will be applied to all subsequent sectors.
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Example of EGS Data Block for electron transport:

EGS
PEGSLIB = PEGS1
ESECTORS = 1    10    20    34
ECUT =       0.4   0.7

Bremsstrahlung Angular Distribution
Instead of the default EGS4 model, COG uses the Koch and Motz2 model for the
Bremsstrahlung photon angular distribution.

Known Limitations
COG Limitations:

The only biasing mode available for electron transport is source biasing. Only
Reaction and Boundary detectors will score electrons. Error-checking on electron
transport inputs is rudimentary. Electron transport is not enabled for geometry units.

EGS Limitations:

COG uses the default EGS4 kernel, which does not include the PRESTA transport
correction algorithm. (PRESTA adds lateral displacement to each step and controls
step size artifacts.)
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Example Problem
Example of an electron transport problem:

BASIC
 photon  electron $ particle types to follow
 cm MeV           $ problem units
 DNEAR ON         $ Turn on geometry speed-up feature
  RN 28172  619   $ Initialize RNG seeds

SURFACES
$   name     R    x1  x2
 100 cyl   x 2.0  0.  10.
  23 plane x 3.0
  24 plane x 4.0
  25 plane x 5.0
 900 cyl   x 3.0  -1. 11.

GEOMETRY
 sector 101 src    -100 -23      $ source in air
 sector 102 target -100 +23 -24  $ tungsten target
 sector 103 water  -100 +24 -25  $ post-target water sector
 sector 104 Air    -100 +25      $ following air sector
 sector 900 vac1   +100 -900     $ vacuum surround
 boundary vacuum        +900     $ exterior vacuum boundary

MIX
mat=1    N         9.740E-04  $  air (1.29E-03 gm/cc)
         O         2.993E-04
         Ar        1.677E-05
mat=2    W         19.3       $  W (19.3 gm/cc)
mat=3    water    1.0        $ h2o

ASSIGN-ML
1   101 104 /  $ Assign air to sectors
2   102     /  $ Assign tungsten to sector 102
3   103     /  $ Assign water to sector 103
0   900        $ Assign vacuum to sector 900

EGS
 pegslib=egsdat.01 $ PEGS library file containing electron
                   $ scattering data for all problem materials
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 esectors= 101 102 103 104 900 $ Designate sectors for electron transport
 Ecut = 0.010      $ low-energy electron cutoff (MeV)

SOURCE
 npart = 1000    $ # of source particle
 DEFINE P=1      $ Position def. follows
  SS-DISK 0. 0. 0.  1. 0. 0.   0.5  $ Disk source of electrons
 DEFINE E=1      $ Energy def. follows
  electron line 20. 1.  $ 20 MeV electrons
 DEFINE A=1      $ Angle def. follows
  1. 0. 0.  FIXED  $ pencil beam alon +x-axis

 INCREMENT 1.0 P=1 E=1 A=1 $ Defines total source

DETECTOR
  number=depos1p Title="photon energy deposition in water"
  REACTION 103 12.566 $ region # and region's volume
  drf-e photon energy-deposition 2

  number=depos1e Title="electron/positron energy deposition in water"
  REACTION 103 12.566  $ region # and region's volume
  drf-e electron energy-deposition 2
  drf-e positron energy-deposition 2

  END
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Proton Transport
COG now includes the transport of protons through materials as one of its basic
capabilities. Coupled (n,p) problems may also be solved.

The proton transport physics models take into account hadronic collisions with
atomic nuclei, multiple small-angle Coloumb scattering, continuous energy loss to the
medium via excitation and ionization, energy straggling, and deflection by vacuum
magnetic fields, within the constraint that a proton hadronic collision is modeled as an
absorption event (see below).

Proton transport uses the method of condensed histories; i.e. single small scattering
events are not modeled, but rather the particle is advanced a macrostep in some
direction, with a step length large enough to encompass many small scattering events
along the way. At the end of the linear step, a multiple small-angle scattering
distribution is sampled to obtain the net scattering angle (in Gaussian approximation),
and the next step proceeds in this new direction.

Particles lose energy along the step through excitation and ionization of the media,
which is modeled using a stopping-power formulation in the Continuous Slowing
Down Approximation (CSDA). To account for the stochastic variation in energy loss
over a step, an energy-straggling distribution is sampled.

Infrequently,  a proton undergoes a hadronic collision with a nucleus. This is
currently treated as a pure absorption event.

Hadronic Collisions
 A proton collision with an atomic nucleus is modeled as a terminal event; the proton
is absorbed, its energy is deposited, and no secondaries are produced.

The cross section for this event can be chosen to be either:

• The pp inelastic + elastic cross section,1 scaled by nuclear area (A
0.77

);

 • The total inelastic cross section for proton nuclear scattering, as modeled by Letaw
et al.2  Because the Letaw model fails for Z=1, we use the pp inelastic model (above),
for this case.
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Multiple Small-angle Coulomb Scattering
The distribution of net scattering angle, after the proton has undergone many small-
angle Coulomb scattering events along a step, is treated in Gaussian approximation.
The models available are:

• Highland's approximation to the Moliere projected scattering-angle  distribution's
sigma3;

  • The Lynch-Dahl approximation to the Moliere multiple small-angle scattering
distribution (the default)3;

  • Above model of Lynch and Dahl, but with a fixed number of collisions.3

The Lynch-Dahl default model gives excellent results for a single step, but tends to
underestimate the true angle after many steps. This is because the Gaussian
approximation ignores the tail of the Moliere distribution, and the errors accumulate.
The Lynch-Dahl model with the fixed number of collisions ( a parameter of the
Lynch-Dahl formula) generally yields better results. Fixing the number of scattering
events results in an overestimate of the sigma of the single-step distribution. In light
elements at 1 GeV, the error is 10% - 20% for a fractional energy loss Estep of 0.001.
This is therefore a poor model for thin foil problems. The advantage of the model is
that this overestimate of a single transport step partially compensates for the
accumulating Gaussian undershoot after many transport steps.

For example, after 10 transport steps at Estep=0.001 at E=1 GeV, the error in sigma,
for a wide range of Z, is better than 5% (compare to 18% for the standard Lynch-Dahl
model).

Continuous Slowing Down Approximation (CSDA)
The CSDA models used are the Anderson-Ziegler model4 (for non-relativistic proton
energies), and the Bethe-Bloch model5 (with Sternheimer density-effect coefficients6

for relativistic protons.

Energy Straggling
All protons of a given energy in a specified medium will experience the same CSDA
energy loss. To produce a realistic distribution of proton energies after a step, COG
employs the Landau energy-straggling formalism. For this theory to be valid, the ratio
of mean energy lost in the step, to the maximum energy transfer to an atomic electron
in a single collision, must be < 0.01. This restricts the step size.
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Transport Step Size Control
The transport step size is determined by the code to be the minimum of:

• an energy-loss-constrained step;

• the distance to the nearest boundary along the trajectory;

• the distance to a hadronic collision.

The energy-loss-constrained step is computed from the user-specified maximum
fractional energy loss per step (ESTEP) due to excitation and ionization of the media,
OR it is the maximum step which still ensures the validity of the Landau energy-
straggling distribution.

This procedure is followed:

If ESTEP has been specified, then compute step size from ESTEP and dE/dX  tables:

   stepsize = E*ESTEP /(dE(E)/dX).

Else if energy-straggling is enabled, compute stepsize using the maximum  average
energy loss allowed for the Landau straggling distribution to  be valid (determined by
the Landau parameter Kappa).

Else, determine stepsize by using a default ESTEP = 0.001 (proton will lose 0.1% of
its kinetic energy over the step).

Transport in a Magnetic Field
COG will now transport protons in a static vacuum magnetic field confined to a finite
cylinder, or other geometrically-simple volume. Once the proton has entered the field,
by passing through one of the specified endplanes which bound the magnet, COG
solves the Lorentz force equation for the proton trajectory. When the particle leaves
the field by exiting through an endplane, normal transport resumes. The user can
choose to check the particle's position after every step, to look for wall collisions
(BBOUNDCHECK Option). The default, faster method is to only check after the
particle has exited the field region. Currently, only a quadrupole magnetic field is
supported. See the BFIELD Data Block below for a description of the magnetic field
inputs.
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Setting Up a Proton Transport Problem
To enable proton transport, the particle-type  proton must appear if the BASIC Data
Block. To solve (n,p) problems, particle-type  neutron must also appear. You can
specify a proton source in the Source Data Block, using the particle-type  proton in
the definition of the Source ENERGY dependence.

Additionally, the user may elect to turn various proton physics options ON or OFF,
and specify models and their parameters. The following proton-specific options can
be specified in the BASIC Data Block:

HADRONIC PROTON MODEL modelname  representation  [ON/OFF]

where:

 modelname is one of:

    PPTOTAL : Total pp inelastic + elastic cross section, scaled by

        nuclear area.

  LETAW   : Model of Letaw et al. (Default model).

representation is one of:

   FUNCTION : Direct call to the functional model.

   TABLE    : Use the pre-computed table.

Default [ON/OFF] is ON.

MSCAT PROTON [ON/OFF]

          Turns on/off multiple small-angle scattering (default is ON).

MSCAT PROTON MODEL modelname

Selects multiple scattering model, where:

modelname is one of:

HIGHLAND : Highland approximation, updated by Lynch and Dahl.1

LYNCH    : Model of Lynch and Dahl,3 improved single-step error
(default).

LYNCHFC  : Simplified Lynch-Dahl model3 with Fixed number of
Collisions.
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DEDX PROTON [ON/OFF]

Turns on/off ionization and excitation energy losses. Default is ON.

ESTRAGGLE PROTON [ON/OFF]

Turns on/off Landau energy straggling. Default is ON.

ESTEP PROTON fraceval

Sets proton transport step size so that the CSDA energy loss over the step is
fraceval*E0, the proton kinetic energy at the start of the step.

If ESTRAGGLE is turned OFF and ESTEP is not specified, the code will assume
an ESTEP value of 0.001 for step-size calculations.

DNEAR [ON/OFF]

Turns the DNEAR geometry option on to speed up transport. Default is OFF.  See
the preceding Electron Transport section for a discussion of the DNEAR option.

BBOUNDCHECK [ON/OFF]  - turns on the magnetic-sector boundary checking
feature, for a problem containing a magnetic-field sector, as specified in the BFIELD
Block. Default is OFF.

If BBOUNDCHECK is OFF, then no boundary checking will be done during the
tracking of particles in a magnetic field. The particle will be stepped to the exit
endplane, then its position will be checked to see if it has still not penetrated the
magnet walls. If it has, then it is just deposited in the wall at the exit plane.

If BBOUNDCHECK is ON, then we check the particle's position after each step to
ensure that the particle has not collided with the walls. The DNEAR geometry feature
is automatically turned ON to minimize geometry calls.
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Low-Energy Cutoffs
Transport of protons whose kinetic energy falls below a user-specified threshold can
be terminated, thus saving computer time. See the Walk-ENERGY Option in the
Monte Carlo Random Walk Section.

Detectors
Only BOUNDARY-CROSSING and REACTION detectors may be used with
protons. If ENERGY BINS are specified, they yield these results:

• BOUNDARY-CROSSING: the quantity scored is the proton’s incident energy at
the boundary;

• REACTION: the quantity scored is energy deposited by a proton during each
transport step in the detector volume. The bin is selected based on proton kinetic
energy at start of the incremental transport step in the volume.

Known Limitations
Proton transport is not enabled for geometry units.
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BFIELD Data Block

Magnetic Field Sectors
 This Data Block is used to specify static vacuum magnetic field sectors through
which protons will be transported.

The format of this Block is:

  BFIELD

    SECTOR secno MODEL model_name

    PMORIGIN pmox pmoy pmoz

    PMAXIS pmax pmay pmaz

    PBAXIS pbax pbay pbaz

    ENDS    z1 z2

         model_parm1 model_parm2 ...

 where:

  secno is the sector # of the COG sector containing the vacuum magnetic field;

model_name is the name of the field type to be generated inside secno;

 e.g., "quad" for a quadrupole field (only type implemented)

 PMORIGIN, PMAXIS, and PBAXIS are three optional points which respectively
specify the Magnetic Field Origin, Direction, and Beam Direction in each magnetic
sector.

 PMORIGIN:

 (pmox, pmoy, pmoz) are the COG coordinates of the Point representing the Magnetic
field Origin in the sector;

 Default is (0,0,0) (the COG origin).
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PMAXIS:

 (pmax, pmay, pmaz) are the COG coordinates of a Point lying on the Magnetic field
Axis in the sector;

 Default is (0,0,1) (the COG z-axis).

PBAXIS:

 (pbax, pbay, pbaz) are the COG coordinates of a Point lying on the Beam Axis
through the sector;

 Default is (0,0,1) (the COG z-axis).

ENDS z1 z2 gives the location of the endplanes, normal to the beam axis, which
bound the magnetic sector. Magnetic field transport is only enabled between the
ENDS.

 model_parm1 ... are the parameters needed to generate the field model_name
specified on the SECTOR line ;

For a quadrupole field, the model_parm1 ...  parameters are:

 Pole_tip_field   Magnet_length  Magnet_radius

where the field is in kiloGauss, and the distances in cm.

See the BBOUNDCHECK Option above for a description of options for checking
for proton-wall collisions while tracking in magnetic fields.

BFIELD Limitations
Setup will be simpler if the magnetic sector is a z-oriented cylinder, and the magnetic
axis and the beam axis lie along z.

A proton detector can't have the magnetic sector as one of its defining sectors.
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I/O Data Block Options
Options have been added to the I/O Data Block, to cause COG to write files of proton
stopping power and nuclear cross sections, for each material in the problem.

PRINTPDEDX writes dE/dX information for protons for each element in
problem to file PdEdX...

dEdX values are in units of MeV/(gm/cm^2).

PRINTPMDEDX writes dE/dX information for protons for each material
in problem to file PdEdXMat...

PRINTXS writes a cross-section file for each isotope (nuclear
cross section in barns) to file PXS...

PRINTMXS writes a cross-section file for each material (macroscopic
cross section in cm^-1) to file PXSMat...
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Example Problem
Example of a proton transport problem:

PROTON PROBLEM: 1 GEV PROTONS INTO WATER
BASIC
 CM      $ UNIT OF LENGTH
 GEV     $ UNIT OF ENERGY
 PROTON  $ PARTICLE TYPE TO BE FOLLOWED
 ESTRAGGLE PROTON ON $ TURN ON THE LANDAU ENERGY STRAGGLING
$DISTRIBUTION
 MSCAT PROTON MODEL LYNCHFC $ USE THE LYNCH_DAHL FIXED
$COLLISION MULTIPLE-SCATTERING MODEL
 DNEAR ON $ TURN ON OPTION TO REDUCE # OF CALLS TO
$GEOMETRY PACKAGE
 RN 27500    5229 $ SPECIFY THE STARTING RANDOM NUMBER
       $GENERATOR SEEDS

SURFACES
$ #   TYPE   R      X1   X2
 100  CYL    5.    -0.1 1000.

 200 PLANE X   0.
 201 PLANE X 100.
 202 PLANE X 200.
 203 PLANE X 300.
 204 PLANE X 400.
 205 PLANE X 500.
 206 PLANE X 600.
 207 PLANE X 700.
 208 PLANE X 800.

 900  CYL   22.     -1. 1001.

GEOMETRY
 SECTOR 100 CYL1 -100  +200 -201
 SECTOR 101 CYL2 -100  +201 -202
 SECTOR 102 CYL3 -100  +202 -203
 SECTOR 103 CYL4 -100  +203 -204
 SECTOR 104 CYL5 -100  +204 -205
 SECTOR 105 CYL6 -100  +205 -206
 SECTOR 106 CYL7 -100  +206 -207
 SECTOR 107 CYL8 -100  +207 -208

SECTOR 201 VOID1 +100 -900  $ VOLUME OUTSIDE OF 100 AND INSIDE
$900 IS A VOID
 BOUNDARY VACUUM +900  $ VOLUME OUTSIDE SURFACE 900 IS A VACUUM
$BOUNDARY
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SOURCE
 NPART =  2000  $    $ # OF SOURCE PARTICLES TO RUN
 DEFINE POSITION = 1 $ DEFINITION OF SOURCE POSITION FOLLOWS
   POINT 0. 0. 0.    $   POINT AT THE ORIGIN
 DEFINE ENERGY = 1   $ DEF. OF SOURCE ENERGY-DEPENDENCE FOLLOWS
  PROTON
  LINE 2.0 1.        $   LINE SOURCE AT 1 GEV, STRENGTH =1.
 DEFINE ANGLE = 1. $ DEF. OF ANGLE-DEPENDENCE OF SOURCE FOLLOWS
  1. 0. 0. FIXED     $   PENCIL BEAM ALONG +X-AXIS
INCREMENT 1. P=1 E=1 A=1 $ DEFINES TOTAL SOURCE

I/O
 PRINTPMDEDX PRINTPMXS $ LIST MATERIAL STOPPING POWER AND
$NUCLEAR CROSS SECTION
MIX
 MAT=1  H2O 1.0  $ WATER AT UNIT DENSITY

ASSIGN-ML
 1 100 101 102 103 104 105 106 107  \   $ ASSIGN MATERIAL 1
 0 201 $ ASSIGN MATERIAL 0 (VOID) TO SECTOR 101

DETECTOR
$ SCORE # OF PROTONS PASSING THROUGH EACH BOUNDARY DETECTOR,
$ PER SOURCE PARTICLE.
NUMBER = 1
BOUNDARY COUNTS 100 101 1.

NUMBER = 2
BOUNDARY COUNTS 101 102 1.

NUMBER = 3
BOUNDARY COUNTS 102 103 1.

NUMBER = 4

BOUNDARY COUNTS 103 104 1.

NUMBER = 5
BOUNDARY COUNTS 104 105 1.

NUMBER = 6
BOUNDARY COUNTS 105 106 1.

NUMBER = 7
BOUNDARY COUNTS 106 107 1.

END
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COG Example Problem 1

Problem 1 Description and Input
This is a very simple shielding problem that illustrates a problem's input and output.
Assume we have a cobalt-60 gamma-ray source and a Geiger-Müller tube, and we
want to count gamma rays in a particular location. To make it more interesting, there
are lead bricks to put between the source and the detector.

The experiment is in a room 30 feet long by 20 feet wide and with a 10-foot high
ceiling. All the walls and the ceiling and the floor are formed of 12-inch thick
concrete and, for purposes of calculation, we may forget doors, heating ducts and
other minor features.

There is a single table at the center of the room with dimensions of 3 feet wide by
5 feet long and oriented with the longest length coincident with the longer dimension
of the room. The table is made of white oak (12% moisture) 3 inches thick and with
its top 36 inches from the floor. Four wood legs, each 4 inches square, are located at
the table's corners.

The gamma-ray source is enclosed in a cylindrical aluminum holder 1 inch in outside
diameter and 1 inch in outside length and with 1/16-inch thick walls. This is oriented
with the axis perpendicular to the table top and is held by a 1/4-inch diameter
aluminum rod so the center of the cylinder is 12 inches above the table and 24 inches
to the left of the center of the table.

The cylindrical holder contains cobalt metal that has been activated so as to have a
source strength of 1 millicurie (3.7x107 disintegrations per second). Each
disintegration yields one 1.17-MeV and one 1.33-MeV gamma ray.

A Geiger-Müller (G-M) counter is located 24 inches to the right of the center of the
table—i.e. there are 4 feet between the counter and the source. The counter has an
aluminum cathode and a response efficiency given by the curve below. The count rate
of the detector is given by the product of the gamma flux at the detector, the response
efficiency, and the detector area. We will assume that the area is 1 square centimeter.
Note that we are roughly talking about 1 count per second for a flux of 500 gamma
rays/square centimeter-second. Dead time corrections need not be considered, and the
detector need not be modeled in detail  because its response includes the actual
detector geometry.
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Lead bricks are piled in the center of the table to give a stack 16 inches high by
8 inches wide and 1.5 inches thick (the thickness is measured along the direction
measured between the source and detector).

Forget all other items in the room.

What count rate does the G-M counter register?

Now if you really want to see if you understand the COG input, go ahead and set the
problem up and try running it without looking at the rest of this chapter. The
concrete's specification can be represented by the material CNCRT2 in the COG
library. To save even more time, we will give you the most difficult piece of needed
information—the composition of the wood in the table:

carbon 0.32 grams/cm3

hydrogen 0.04

oxygen 0.30

nitrogen 0.07

water 0.04

If you succeed in running the problem you should get an answer of about 0.29
counts/second. If you got near this, give yourself a gold star and skip to the next
example.
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COG input file for Example Problem 1 …
sample shielding problem

basic

  photon

  in

mix

mat 1 cncrt2 2.51

mat 2 c 0.32 h 0.04 o 0.03 n 0.07 h2o 0.04 $oak 12%  moisture

mat 3 al 2.7

mat 4 co 8.85

mat 5 pb 11.4

mat 6 air 0.00129

geometry

  sector 1 walls  -1 +2

  sector 2 table  -3  or  -4  or  -5  or  -6  or  -7

  sector 3 holder -8  or  -9 +10

  sector 4 cobalt -10

  sector 5 lead   -11

  fill   6

  boundary vacuum +1

  picture cs m -36. 0. 12.  -36. 0. -49.  36. 0. -49.

surfaces

  1 box 384 264 144      tr 0 0 12 $ outside room walls

  2 box 360 240 120      tr 0 0 12 $ inside room walls

  3 box 60 36 3       tr 0 0 -13.5      $ table top

  4 box 4 4 33       tr -28 -16 -31.5 $ table leg

  5 box 4 4 33       tr -28  16 -31.5 $ table leg

  6 box 4 4 33       tr  28  16 -31.5 $ table leg

  7 box 4 4 33       tr  28 -16 -31.5 $ table leg

  8 cyl 0.125 0.5 12  tr -24 0 0   -24 0 -120 $ rod

  9 cyl 0.5 -0.5 0.5  tr -24 0 0   -24 0 -120 $ container

 10 cyl 0.4375 -0.4375 0.4375  tr -24 0 0 -24 0 -120 $ src

 11 box 1.5 8 16       tr 0 0 -4 $ lead bricks
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detector

  number 1

  point 24. 0. 0.

  drf-e photon       $ gm tube sens for al cathode

    0.1 0.      0.2 8.0e-4  0.3 1.0e-3  0.4 1.6e-3

    0.5 2.1e-3  0.6 2.6e-3  0.7 3.3e-3  0.8 4.0e-3

0.9 4.5e-3  1.0 5.1e-3  1.1 5.9e-3  1.2 6.6e-3

1.3 7.2e-3  1.4 8.0e-3

  bin e photon

    16 [0. i 1.5]

source

  npart 50000

  define p 1

    cylinder -24. 0. -0.4375  -24.  0.  0.4375  0.4375

  define t 1

    steady

  define e 1

    photon line 1.17 1.  1.33 1.

  inc 7.4e7  e 1  p 1  t 1

walk-collision

  photon region all energy 0. to 0.1 0.

End

A brief explanation of the input …

• The first line is the problem title.

• BASIC Data Block: Photon only problem. Dimensions are in inches, energy and
time units default to MeV and seconds respectively.

• MIX Data Block: Material 1 is concrete (cncrt2) at density 2.51 gm/cm^3, material
2 is white oak at 12% moisture, etc. Since there are no ASSIGN Data Blocks, the
defaults are in force and sector 1 contains material 1, sector 2 contains material 2, etc.

• GEOMETRY Data Block: Sector 1 is the concrete walls of the room, sector 2 is the
oak table top and 4 oak table legs, sector 3 is the aluminum source holder, sector 4 is
the cobalt source, sector 5 is the lead bricks, and air fills the undefined space. The
vacuum boundary tells the code not to track particles which penetrate through the
room walls. A cross sectional picture of the geometry is requested.
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• SURFACE Data Block: Describes the various surfaces which make up the
geometry. For example the room walls are defined as inside surface 1 (a box with x-
,y-,z-sides of 384, 264, and 144 respectively and with center at z = 12) and outside
surface 2 (a box with x-,y-,z-sides of 360, 240, and 120 respectively and with center
at z = 12). All dimensions are in inches.

• DETECTOR Data Block: The single detector is a point detector located at
(24.,0.,0.), all dimensions are in inches. The detector has the given response function
(taken from the above graph). Differential results, in the form of 15 uniform bins
running from 0. to 1.5 MeV, are requested.

• SOURCE Data Block: The source consists of 50000 particles taken from a
distribution whose position dependence is a cylinder of radius 0.4375 and whose axis
extends from (-24.,0.,-0.4375) to (-24.,0.,0.4375) (all dimensions are in inches),
whose time dependence is steady state, and whose energy dependence is equal
intensity, photon lines at 1.17 and 1.33 MeV. The source is normalized to 7.4X107

(3.7X107 disintegrations per second times 2 lines).

• WALK-COLLISION Data Block: Low energy (below 0.1 MeV) photons in all
regions are killed.  Since there are no ASSIGN Data Blocks, the defaults are in force
and region 1 is sector 1, region 2 is sector 2, etc.

• END Data Block: End of input.
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Problem 1 Results

The ….ps file for Problem 1
What follows are the various output plots along with a brief description of each.

This cross section picture shows the table top (material 2), source holder (material 3),
lead bricks (material 5), air (material 6) and the concrete floor (material 1). Materials
are identified by the key given in the next figure.
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This is the pattern-material key for the preceding cross sectional picture.
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A graphical representation of the detector energy response function. Compare this to
the graph from which the data was originally taken.
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A representation of the source position dependence. This source is uniform within a
cylindrical.

The time-dependence of this source is steady state.
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A representation of the source energy dependence. This source is a photon line source
with equal intensity lines at 1.17 and 1.33 MeV.
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Differential results showing the response/MeV vs. the photon energy in MeV for the
given bin structure.
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Detector response as shown previously, with ± one standard deviation envelope.
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Running sum of the detector differential results.
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The ….out file for Problem 1
• General information concerning code version and machine dependencies.

** ../COGo        gps16      -- Version 8.44  Jul 11 2002_ **

Read /usr/gapps/cog/Dec/data/COGUsersNotes

for latest news about COG features,

modifications, capabilities, etc.

Please report all errors to the COG Developer:

R. Buck; L-59; 422-6421

COG Input file: Example1

In Directory:   /g/g18/buck/cog/Dec/tests

• Echo of the input file.

COG  --  LISTINGS OF INPUT LINES     Wed Jul 17     14:45:26 2002

>> sample shielding problem
>>
>> basic

>>   photon

>>   in
>>

>> mix

>>   mat 1 cncrt2 2.51

>>   mat 2 c 0.32 h 0.04 o 0.03 n 0.07 h2o 0.04 $oak 12% moisture

>>   mat 3 al 2.7

>>   mat 4 co 8.85

>>   mat 5 pb 11.4

>>   mat 6 air 0.00129
>>

>> geometry

>>   sector 1 walls  -1 +2

>>   sector 2 table  -3  or  -4  or  -5  or  -6  or  -7

>>   sector 3 holder -8  or  -9 +10

>>   sector 4 cobalt -10

>>   sector 5 lead   -11

>>   fill   6

>>   boundary vacuum +1
>>

>>   picture cs m -36. 0. 12.  -36. 0. -49.  36. 0. -49.
>>
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>> surfaces

>>   1 box 384 264 144     tr 0 0 12 $ outside room walls

>>   2 box 360 240 120     tr 0 0 12 $ inside room walls

>>   3 box 60 36 3       tr 0 0 -13.5 $ table top

>>   4 box 4 4 33       tr -28 -16 -31.5 $ table leg

>>   5 box 4 4 33       tr -28  16 -31.5 $ table leg

>>   6 box 4 4 33       tr  28  16 -31.5 $ table leg

>>   7 box 4 4 33       tr  28 -16 -31.5 $ table leg

>>   8 cyl 0.125 0.5 12 tr -24 0 0   -24 0 -120 $ rod

>>   9 cyl 0.5 -0.5 0.5 tr -24 0 0   -24 0 -120 $ container

>>  10 cyl 0.4375 -0.4375 0.4375  tr -24 0 0 -24 0 -120 $ src

>>  11 box 1.5 8 16      tr 0 0 -4 $ lead bricks
>>

>> detector

>>   number 1

>>   point 24. 0. 0.

>>   drf-e photon       $ gm tube sens for al cathode

>>     0.1 0.      0.2 8.0e-4  0.3 1.0e-3  0.4 1.6e-3

>>     0.5 2.1e-3  0.6 2.6e-3  0.7 3.3e-3  0.8 4.0e-3

>>     0.9 4.5e-3  1.0 5.1e-3  1.1 5.9e-3  1.2 6.6e-3

>>     1.3 7.2e-3  1.4 8.0e-3

>>   bin e photon

>>     16 [0. i 1.5]
>>

>> source

>>   npart 50000

>>   define p 1

>>     cylinder -24. 0. -0.4375  -24.  0.  0.4375  0.4375

>>   define t 1

>>     steady

>>   define e 1

>>     photon line 1.17 1.  1.33 1.

>>   inc 7.4e7  e 1  p 1  t 1
>>

>> walk-collision

>>   photon region all energy 0. to 0.1 0.
>>

>> end



COG Example Problem 1
Problem 1 Results
The….out file for Problem 1 9/1/02

–428–

• COG's interpretation of the BASIC Data Block—units, starting random number
seed, particle types to be followed, etc.

BASIC PARAMETERS
Units of length = inch
     Units of time = second
     Units of energy = mev
     Maximum running time =  1.0000E+08 minutes
     Random number seeds =    26173   18852
        Sequence number =                 1
     Particle types to be followed:      photon

• COG's interpretation of the MIX Data Block. The total density for each material is
shown so that input errors can be more easily detected.

 MIXTURE DEFINITIONS

Material
Number

Physical
Temperature

Component
Name

Density
(gm/cc)

Number
Fraction

1 20.0 C cncrt2 2.510E+00
---------

total 2.510E+00

2 20.0 C c 3.200E-01
h 4.000E-02
o 3.000E-02
N 7.000E-02
h2o 4.000E-02

---------
total 5.000E-01

3 20.0 C al 2.700E+00
---------

total 2.700E+00

4 20.0 C co 8.850E+00
---------

total 8.850E+00

5 20.0 C pb 1.140E+01
---------

total 1.140E+01

6 20.0 C air 1.290E-03
---------

total 1.290E-03
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• COG's interpretation of the SURFACE Data Block—the input "shorthand" is
expanded. Check to make sure the surfaces are as intended.

 GEOMETRICAL SURFACE SPECIFICATIONS:          unit length is one inch

Surface Number       1          box

center of box is at x',y',z' coordinate center

length in x', y', and z' direction   3.84000E+02  2.64000E+02 1.44000E+02

T/R data

center of (x',y',z') system   (  .00000E+00,   .00000E+00, 1.20000E+01)

Surface Number       2          box

center of box is at x',y',z' coordinate center

length in x', y', and z' directions  3.60000E+02  2.40000E+02 1.20000E+02

T/R data

center of (x',y',z') system   (  .00000E+00,   .00000E+00, 1.20000E+01)

Surface Number       3          box

center of box is at x',y',z' coordinate center

length in x', y', and z' directions  6.00000E+01  3.60000E+01 3.00000E+00

T/R data

center of (x',y',z') system  (  .00000E+00,   .00000E+00, -1.35000E+01)

Surface Number       4          box

center of box is at x',y',z' coordinate center

length in x', y', and z' directions  4.00000E+00  4.00000E+00 3.30000E+01

T/R data

center of (x',y',z') system  (-2.80000E+01, -1.60000E+01, -3.15000E+01)

Surface Number       5          box

center of box is at x',y',z' coordinate center

length in x', y', and z' directions  4.00000E+00  4.00000E+00 3.30000E+01

T/R data

center of (x',y',z') system  (-2.80000E+01,  1.60000E+01, -3.15000E+01)

Surface Number       6          box

center of box is at x',y',z' coordinate center

length in x', y', and z' directions  4.00000E+00  4.00000E+00 3.30000E+01

T/R data

center of (x',y',z') system  ( 2.80000E+01,  1.60000E+01, -3.15000E+01)
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Surface Number       7          box

center of box is at x',y',z' coordinate center

length in x', y', and z' directions  4.00000E+00  4.00000E+00 3.30000E+01

T/R data

center of (x',y',z') system  ( 2.80000E+01, -1.60000E+01, -3.15000E+01)

Surface Number       8          right circular cylinder

Radius          1.25000E-01

Surface bounded by planes at x'=  5.00000E-01 and x'=  1.20000E+01

T/R data

center of (x',y',z') system   (-2.40000E+01,   .00000E+00, .00000E+00)

point on x'-axis             (-2.40000E+01,   .00000E+00, -1.20000E+02)

Surface Number       9          right circular cylinder

Radius          5.00000E-01

Surface bounded by planes at x'= -5.00000E-01 and x'=  5.00000E-01

T/R data

center of (x',y',z') system  (-2.40000E+01,   .00000E+00,   .00000E+00)

point on x'-axis             (-2.40000E+01,   .00000E+00, -1.20000E+02)

Surface Number      10          right circular cylinder

Radius          4.37500E-01

Surface bounded by planes at x'= -4.37500E-01 and x'=  4.37500E-01

T/R data

center of (x',y',z') system   (-2.40000E+01,   .00000E+00,  .00000E+00)

point on x'-axis             (-2.40000E+01,   .00000E+00, -1.20000E+02)

   Surface Number      11          box

     center of box is at x',y',z' coordinate center

     length in x', y', and z' directions  1.50000E+00  8.00000E+00 1.60000E+01

     T/R data

       center of (x',y',z') system   (  .00000E+00,   .00000E+00, -4.00000E+00)
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• COG's interpretation of the GEOMETRY Data Block—essentially an echo of the
input, with material, region, and density factors included. Note that we have requested
a picture of the geometry. It is only during picture production that COG checks for
certain geometry definition errors. Pictures should be used extensively to "debug"
the geometry.

 BASIC GEOMETRICAL DESCRIPTION

No.   Name    Med    Reg    Df   --Surface relationships--

sector  1  walls     1    1  1.000E+00        -1      +2

sector  2  table     2    2  1.000E+00        -3

                                    or        -4

                                    or        -5

                                    or        -6

                                    or        -7

sector  3  holder    3    3  1.000E+00        -8

                                    or        -9     +10

sector  4  cobalt    4    4  1.000E+00        -10

sector  5  lead      5    5  1.000E+00        -11

boundary   vacuum                             +1

fill    6            6    6  1.000E+00

 picture cs m -36. 0 12. -36. 0 -49. 36. 0 -49.

• COG's interpretation of the DETECTOR Data Block.

DETECTOR DESCRIPTIONS

    DETECTOR NUMBER = 1

       POINT

       position - x =  2.400000E+01

                  y =   .000000E+00

                  z =   .000000E+00 (in units of a in)
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energy dependent detector response function

          photon

          energy in units of mev

energy        DRF

1.0000E-01    .0000E+00

2.0000E-01   8.0000E-04

3.0000E-01   1.0000E-03

4.0000E-01   1.6000E-03

5.0000E-01   2.1000E-03

6.0000E-01   2.6000E-03

7.0000E-01   3.3000E-03

8.0000E-01   4.0000E-03

9.0000E-01   4.5000E-03

1.0000E+00   5.1000E-03

1.1000E+00   5.9000E-03

1.2000E+00   6.6000E-03

1.3000E+00   7.2000E-03

1.4000E+00   8.0000E-03

BIN definitions for differential output

energy-bin structure --- photon

energy in units of mev

.0000E+00   1.0000E-01   2.0000E-01   3.0000E-01   4.0000E-01

5.0000E-01   6.0000E-01   7.0000E-01   8.0000E-01   9.000E-01

1.0000E+00   1.1000E+00   1.2000E+00   1.3000E+00   1.4000E+00

1.5000E+00

• COG's interpretation of the SOURCE Data Block—a reiteration of the source
definitions.

DEFINITION OF FIXED SOURCE

SOURCE--POSITION: Definition of description 1

the unit of length is one inch

VOLUME of CYLINDER with center of base(-2.4000E+01, .0000E+00,-4.3750E-01)

center of top (-2.4000E+01,  .0000E+00, 4.3750E-01)

radius   4.3750E-01



COG Example Problem 1
Problem 1 Results
The….out file for Problem 1 9/1/02

–433–

SOURCE--TIME: Definition of description 1

the unit of time is one second

STEADY

SOURCE--ENERGY: Definition of description 1

the unit of energy is mev

photon   source

LINE

                     energy       intensity

                   1.1700E+00    1.0000E+00

                   1.3300E+00    1.0000E+00

COMPLETE SOURCE DESCRIPTION

total number of source particles to be generated = 50000

increment   source   strength   description of separable parts     relative

position  energy   time     angle  importance

1     7.4000E+07  p/t          1       1      1         0   1.0000E+00

         totals

                  7.4000E+07  p/t

• COG's interpretation of the WALK-COLLISION Data Block.

 Modifications to the random WALK-SPLITTING/RUSSIAN ROULETTE at a
COLLISION site

particle    ----regions----    --------energy--------    #-out / #-in

    type                                  mev

    photon        all            .00E+00  to  1.00E-01      .0000E+00

• The names of the dictionary and all cross section files, plus the starting random
number seeds and the starting sequence number.

dictionary file ..............2/ 7/ 0 /usr/gapps/cog/Dec/data/COGLEX

  Standard  Dictionary

gamma cross section file .....7/ 7/98  /usr/gapps/cog/Dec/data/COGGXS

Starting Random Number Seeds for Transport Phase =    26173   18852

                        Starting Sequence Number =                1
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• The average source parameters—these should be compared to the desired source.
The minimum, maximum, and average x, y, and z are consistent with the cylindrical
volume position dependence; the minimum, maximum, and average u, v, and w are
consistent with the (default) isotropic angle dependence; etc.

AVERAGE SOURCE PARAMETERS

minimum          maximum        average

photon

x      -2.4437E+01      -2.3563E+01      -2.4001E+01  in

y      -4.3729E-01       4.3630E-01       3.3249E-04  in

z      -4.3750E-01       4.3748E-01      -1.9139E-04  in

u      -9.9997E-01       1.0000E+00       2.5009E-03

v      -1.0000E+00       9.9998E-01      -2.6508E-03

w      -9.9994E-01       9.9999E-01      -3.0175E-06

t        .0000E+00        .0000E+00        .0000E+00  sec

E       1.1700E+00       1.3300E+00       1.2504E+00  MeV

wt      1.0000E+00       1.0000E+00       1.0000E+00

• The Summary Table. The summary table contains, for each region, a list of events
that occurred in the region, the particle types associated with each event, the number
of such events, the removal (from the region) weight for each event, the addition (to
the region) weight for each event, and the energy deposited (in the region) by each
event. For example, in region 2, the oak table, there were 210 Russian roulette events,
removing a weight of 3.1080E+05 and depositing 2.7831E+04 MeV; 17 Rayleigh
events, with no net weight gain or loss and no energy deposited; etc. The table also
shows that most of the deposited energy (~7.0X107 out of ~9.3X107) ends up in the
concrete walls, which should not be surprising since they subtend by for the largest
solid angle. For shielding problems the weights and energy deposition are normalized
to one source particle, i.e. the Addition Weight for the Fixed source event in the Sum
over all regions should be equal to the (sum of) the source strength(s) on the
SOURCE INCREMENTS(s).

The Energy Balance column tracks the change of energy in a particle population in a
region due to the Events. The sums of all the gains and losses in a region (shown in
the Totals rows) should be zero for a particle type. The lack of closure of this number
indicates the accumulated round-off error resulting from summing over all particle
events in the region.
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SUMMARY OF RANDOM-WALK EVENTS FOR      50000 SOURCE PARTICLES

Removal and Addition Weights and Deposited Energy are normalized
to one source particle

Region number    0

# of Weight Energy (MeV)
Event Part Events Removal Addition Deposited Balance

---------- ----- ------ ----------- -------- -------- --------
---------- ----- ------ ----------- -------- -------- --------

Region number    1    Region name walls

# of Weight Energy (MeV)
Event Part Events Removal Addition Deposited Balance

---------- ---- ------ ---------- -------- -------- --------
Current in pho 60296 0.0000E+00 8.9322E+07 0.0000E+00  7.4174E+07
Current out pho 13766 2.0403E+07 0.0000E+00 0.0000E+00 -4.4959E+06
Leakage pho 1402 2.0750E+06 0.0000E+00 0.0000E+00 -1.2582E+06
Russ roulette pho 34842 5.1621E+07 0.0000E+00 4.3901E+06 -4.3901E+06
Rayleigh pho 7979 1.1819E+07 1.1819E+07 0.0000E+00  0.0000E+00
Compton pho 263963 3.9101E+08 3.9101E+08 6.1450E+07 -6.1450E+07
Photoelectric pho 12073 1.7887E+07 2.6462E+06 2.5749E+06 -2.5749E+06
Pair prod pho 12 1.7760E+04 3.5520E+04 4.9965E+03 -4.9965E+03
---------- ---- ------ ---------- -------- -------- --------
Totals pho 4.9484E+08 4.9484E+08 6.8420E+07 1.2160E+00

Statistics on Pre-collision Weights
Minimum Maximum Average

pho 1.0000E+00 2.0000E+00 1.0009E+00

 Region number    2    Region name table

# of Weight Energy (MeV)
Event Part Events Removal Addition Deposited Balance

---------- ---- ------ ---------- -------- -------- --------
Current in pho 10823 0.0000E+00 1.6028E+07 0.0000E+00  1.5872E+07
Current out pho 10609 1.5712E+07 0.0000E+00 0.0000E+00 -1.3520E+07
Russ roulette pho 210 3.1080E+05 0.0000E+00 2.7831E+04 -2.7831E+04
Rayleigh pho 17 2.5160E+04 2.5160E+04 0.0000E+00  0.0000E+00
Compton pho 5092 7.5436E+06 7.5436E+06 2.3231E+06 -2.3231E+06
Photoelectric pho 4 5.9200E+03 0.0000E+00 7.3493E+02 -7.3493E+02
---------- ---- ------ ---------- -------- -------- --------
Totals pho 2.3597E+07 2.3597E+07 2.3517E+06 -2.3280E-01
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Statistics on Pre-collision Weights
Minimum Maximum Average

pho 1.0000E+00 2.0000E+00 1.0010E+00

Region number    3    Region name holder
# of Weight Energy (MeV)

Event Part Events Removal Addition Deposited Balance
---------- ---- ------ ---------- -------- -------- --------

Current in pho 48578 0.0000E+00 7.1952E+07 0.0000E+00  7.6167E+07
Current out pho 48537 7.1892E+07 0.0000E+00 0.0000E+00 -7.4810E+07
Russ roulette pho 32 4.7360E+04 0.0000E+00 4.3435E+03 -4.3435E+03
Rayleigh pho 17 2.5160E+04 2.5160E+04 0.0000E+00  0.0000E+00
Compton pho 2245 3.3270E+06 3.3270E+06 1.3497E+06 -1.3497E+06
Photoelectric pho 10 1.4800E+04 1.4800E+03 2.1553E+03 -2.1553E+03
Pair prod pho 1 1.4800E+03 2.9600E+03 4.5584E+02 -4.5584E+02
---------- ---- ------ ---------- -------- -------- --------
Totals pho 7.5308E+07 7.5308E+07 1.3567E+06  3.3483E+00

Statistics on Pre-collision Weights
Minimum Maximum Average

pho 1.0000E+00 2.0000E+00 1.0013E+00

Region number    4    Region name cobalt

# of Weight Energy (MeV)
Event Part Events Removal Addition Deposited Balance

---------- ---- ------ ---------- -------- -------- --------
Fixed source pho 50000 0.0000E+00 7.4000E+07 0.0000E+00 9.2550E+07
Current in pho 457 0.0000E+00 6.7636E+05 0.0000E+00 1.9436E+05
Current out pho 48176 7.1354E+07 0.0000E+00 0.0000E+00 -7.5564E+07
Russ roulette pho 1046 1.5525E+06 0.0000E+00 5.7420E+04 -5.7420E+04
Rayleigh pho 747 1.1056E+06 1.1056E+06 0.0000E+00 0.0000E+00
Compton pho 26713 3.9584E+07 3.9584E+07 1.6424E+07 -1.6424E+07
Photoelectric pho 1909 2.8283E+06 9.9900E+05 6.8065E+05 -6.8065E+05
Pair prod pho 40 5.9200E+04 1.1840E+05 1.7997E+04 -1.7997E+04
---------- ---- ------ ---------- -------- -------- --------
Totals pho 1.1648E+08 1.1648E+08 1.7180E+07 3.5977E+00

Statistics on Pre-collision Weights
Minimum Maximum Average

pho 1.0000E+00 2.0000E+00 1.0012E+00
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Region number    5    Region name lead

# of Weight Energy (MeV)
Event Part Events Removal Addition Deposited Balance

---------- ---- ------ ---------- -------- -------- --------
Current in pho 910 0.0000E+00 1.3468E+06 0.0000E+00 1.3528E+06
Current out pho 151 2.2348E+05 0.0000E+00 0.0000E+00 -2.2387E+05
Russ roulette pho 817 1.2136E+06 0.0000E+00 7.2155E+04 -7.2155E+04
Rayleigh pho 88 1.3024E+05 1.3024E+05 0.0000E+00 0.0000E+00
Compton pho 811 1.2077E+06 1.2077E+06 5.1134E+05 -5.1134E+05
Photoelectric pho 759 1.1292E+06 1.2136E+06 5.4357E+05 -5.4357E+05
Pair prod pho 4 5.9200E+03 1.1840E+04 1.8234E+03 -1.8234E+03

pho
---------- ---- ------ ---------- -------- -------- --------
Totals pho 3.9102E+06 3.9102E+06 1.1289E+06 7.0643E-02

Statistics on Pre-collision Weights
Minimum Maximum Average

pho 1.0000E+00 2.0000E+00 1.0054E+00

Region number    6

# of Weight Energy (MeV)
Event Part Events Removal Addition Deposited Balance

---------- ---- ------ ---------- -------- -------- --------
Current in pho 72532 0.0000E+00 1.0745E+08 0.0000E+00 9.2764E+07
Current out pho 72357 1.0719E+08 0.0000E+00 0.0000E+00 -9.1909E+07
Russ roulette pho 169 2.5012E+05 0.0000E+00 2.2128E+04 -2.2128E+04
Rayleigh pho 23 3.4040E+04 3.4040E+04 0.0000E+00 0.0000E+00
Compton pho 2066 3.0621E+06 3.0621E+06 8.3151E+05 -8.3151E+05
Photoelectric pho 6 8.8800E+03 0.0000E+00 1.0347E+03 -1.0347E+03
---------- ---- ------ ---------- -------- -------- --------
Totals pho 1.1054E+08 1.1054E+08 8.5467E+05 -3.8396E+00

Statistics on Pre-collision Weights
Minimum Maximum Average

pho 1.0000E+00 2.0000E+00 1.0014E+00
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Sum over all regions

# of Weight Energy (MeV)
Event Part Events Removal Addition Deposited Balance

---------- ---- ------ ---------- -------- -------- --------
Fixed source pho 50000 0.0000E+00 7.4000E+07 0.0000E+00 9.2550E+07
Leakage pho 1402 2.0750E+06 0.0000E+00 0.0000E+00 -1.2582E+06
Russ roulette pho 37116 5.4995E+07 0.0000E+00 4.5740E+06 -4.5740E+06
Rayleigh pho 8871 1.3139E+07 1.3139E+07 0.0000E+00 0.0000E+00
Compton pho 300890 4.4574E+08 4.4574E+08 8.2889E+07 -8.2889E+07
Photoelectric pho 14761 2.1874E+07 4.8603E+06 3.8030E+06 -3.8030E+06
Pair prod pho 57 8.4360E+04 1.6872E+05 2.5272E+04 -2.5272E+04
---------- ---- ------ ---------- -------- -------- --------
Totals pho 5.3791E+08 5.3791E+08 9.1292E+07 4.5318E+00

Statistics on Pre-collision Weights
Minimum Maximum Average

pho 1.0000E+00 2.0000E+00 1.0010E+00

• The detector results, showing the total response, standard deviation, fractional
standard deviation and figure-of-merit.

RESULTS FOR DETECTOR 1

sample shielding problem

     TYPE -- point

TOTAL RESPONSE PER SOURCE PARTICLE

(Integrated over all energies, times and angles and with all
masks and response functions included. Units of response are
those of the response function (if any) times particles/cm^2.
fsd is the fractional standard deviation = std. dev./response.)

particle       response        std. dev.         fsd             fom

photon      2.8257E-01      5.5071E-03      1.9490E-02    3.6194E+03

• The detector results, showing the particle number and the % contribution for the 10
largest contributors to the total response. If you wished to rerun this problem to get
better overall statistics, then it might be wise to first run a RETRACE on the top few
particles in this scoring list to get information on how these particles came to
contribute so much to the answer. If  you find that these heavily-contributing particles
all come along a certain source-to-detector path, you might wish to bias the problem
to increase the number of particles which traverse this path, thus obtaining a
statistically-improved answer.
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SOURCE PARTICLES MAKING THE TEN LARGEST CONTRIBUTIONS TO TOTAL RESPONSE

event histories for these may be obtained by re-running with RETRACE
option

           Source Particle          Score as          Cumulative Score as

           RNG Sequence #         % of total result   % of total result

               11366902             0.5932              0.5932

                5794778             0.4718              1.0650

                4092535             0.4587              1.5237

                9883980             0.3602              1.8839

               12567980             0.3504              2.2344

               14055473             0.3504              2.5847

                3432425             0.3261              2.9108

                3915209             0.3255              3.2363

               14114877             0.3137              3.5500

                1069626             0.3022              3.8523

• The detector results, as a function of the number of scatterings since source
generation. About half the result comes from uncollided (0 scatterings) particles. This
part of the total response could have been calculated by hand, quite accurately, using
the usual point-kernel techniques.
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TOTAL RESPONSE AS A FUNCTION OF SCATTERING EVENTS SINCE SOURCE
GENERATION

          scatterings       % total result       accumulative %

                0               48.9836              48.9836

                1               31.5610              80.5446

                2               11.1687              91.7133

                3                4.2358              95.9491

                4                2.0812              98.0304

                5                1.0564              99.0868

                6                 .4982              99.5850

                7                 .2672              99.8522

                8                 .0925              99.9447

                9                 .0327              99.9774

               10                 .0136              99.9910

               11                 .0043              99.9953

               12                 .0017              99.9970

               13                 .0022              99.9992

               14                 .0005              99.9997

               15                 .0003             100.0000

               16            3.0809E-05             100.0000

               17            8.1585E-08             100.0000

               18            5.9071E-10             100.0000

               19            3.0408E-10             100.0000

• The detector results, listed by the region in which the scatterings occurred. About
53% of the total response comes from region 4—the source region, while < 8%
comes from scatterings in the concrete walls—region 1. Comparing regions 1 and 5
we see that we have spent ~75% (283902 collisions out of a total of 374828
collisions) of the computational effort to very accurately (fsd of ~1%) determine ~8%
of the total response, while spending ~0.4% of the time to rather poorly (fsd of ~12%)
determine ~26% of the total response. This is a problem where the LIMIT option for
POINT detectors could be used to advantage. You would set up this option to limit
the number of point flux estimates made from region 1, while making more estimates
from region 5.
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LISTED BY THE REGION IN WHICH SCATTERINGS OCCURRED

region particles
source +
collisions

%response Fsd

4 50000 79800 53.072783 .003

5 50000 1621 26.310876 .124

2 50000 5243 10.455555 .048

1 50000 283902 7.862106 .009

6 50000 2023 1.966539 .176

3 50000 2239 .332142 .103

• The detector results, presented as differential results within the given bin structure.

DIFFERENTIAL RESULTS FOR DETECTOR NUMBER 1

bin specifications            response/MeV          response  integral

photon energy (MeV)     value      std.dev.  fsd              response

 0.00E+00     1.00E-01    0.000E+00  0.00E+00  0.000  0.000E+00 0.000E+00

 1.00E-01     2.00E-01    1.382E-01  3.56E-03  0.026  1.382E-02 1.382E-02

 2.00E-01     3.00E-01    1.995E-01  4.63E-03  0.023  1.995E-02 3.376E-02

 3.00E-01     4.00E-01    7.377E-02  4.19E-03  0.057  7.377E-03 4.114E-02

 4.00E-01     5.00E-01    1.033E-01  1.78E-02  0.173  1.033E-02 5.147E-02

 5.00E-01     6.00E-01    7.364E-02  7.51E-03  0.102  7.364E-03 5.883E-02

 6.00E-01     7.00E-01    3.015E-02  5.30E-03  0.176  3.015E-03 6.185E-02

 7.00E-01     8.00E-01    3.234E-02  4.63E-03  0.143  3.234E-03 6.508E-02

 8.00E-01     9.00E-01    4.399E-02  6.19E-03  0.141  4.399E-03 6.948E-02

 9.00E-01     1.00E+00    7.994E-02  1.18E-02  0.148  7.994E-03 7.747E-02

 1.00E+00     1.10E+00    1.737E-01  2.01E-02  0.116  1.737E-02 9.484E-02

 1.10E+00     1.20E+00    7.877E-01  2.67E-02  0.034  7.877E-02 1.736E-01

 1.20E+00     1.30E+00    1.500E-01  2.20E-02  0.146  1.500E-02 1.886E-01

 1.30E+00     1.40E+00    9.396E-01  1.95E-02  0.021  9.396E-02 2.826E-01

 1.40E+00     1.50E+00    0.000E+00  0.00E+00  0.000  0.000E+00 2.826E-01
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Some restart, timing and miscellaneous memory information.

To continue this calculation, restart with RNG Sequence Number =      15421771

for Starting Seeds   26173   18852

sample shielding problem #1

     COG Problem Began at:         Wed Jul 17     14:45:26 2002

     COG Problem Completed at:     Wed Jul 17     14:46:19 2002

     Total Problem CPU Time Used (hh:mm:ss) =    0:00:43

***********Memory Manager Report************

Number of System memory blocks allocated=   4

Total number of Megabytes allocated=   4.0

Min. block size =   1.0  Max. block size=   1.0  Megabytes
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COG Example Problem 2

Problem 2 Description and Input
This is a very simple criticality problem that illustrates COG's input and output for a
criticality calculation. The problem is to determine keff for a bare ball of plutonium;
the ball has a radius of 6.3849 cm.

COG input file for Example Problem 2 …

PU-MET-FAST-001:  JEZEBEL (17.020 kg Pu(95.48)-1.02Ga @ 15.61 g/cc)

BASIC
 neutron delayedn

SURFACES
 1 sphere 6.3849 $ per Section 3.2

GEOMETRY
 sector 1 alloy -1
 boundary vacuum 1
 picture cs material -7  0  7  -7  0 -7   7 0 -7
 volume  -7 -7 -7  7 -7 -7  -7 7 -7 14 14 14

CRITICALITY
 npart=5000 nbatch=5005 sdt=0.0001 nfirst=6 norm=1.
 nsource=1  0. 0. 0.

MIX
 nlib=ENDFB6R7 $ Atom Densities per Table 3
 mat=1 bunches ga 1.3752-3 pu239 3.7047-2 pu240 1.7512-3 pu241 1.1674-4

END

 A brief explanation of the input …

• The first line is the problem title.

• BASIC Data Block: Neutron only problem. Units default to cm, MeV, and seconds.
“Delayedn” must be specified to get delayed fission neutrons created.

• SURFACE Data Block: One sphere

• GEOMETRY Data Block: Sector 1 is inside surface 1, i.e. a spherical volume with
radius 6.3849 cm. There is a vacuum boundary outside surface 1, i.e. particles that get
the sphere are no longer tracked.
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• MIX Data Block: Material 1 is a mixture Pu and Ga. Composition is specified by
atom densities (bunches = atoms/barn-cm).

• CRITICALITY Data Block: Each batch will consist of ~5000 particles (npart 5000).
Convergence occurs when 10 consecutive batches have a standard deviation of the
mean less than 0.0001 (sdt 0.0001), or when nbatch = 5005 batches have benn run.
The first 5 batches are not averaged into the means (nfirst 6). Finally, the initial
source distribution consists of a single point at the origin (nsource 1  0. 0. 0.).

• END Data Block: End of input.
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Problem 2 Results

The ….ps file for Problem 2
This is a plot of the individual batch k-values. Solid lines indicate average value,

dotted lines are the three-sigma limits for the distribution of k-values.
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This is a plot of the average neutron multiplication, where the average is taken from
the last batch towards the first batch. That is, the value at batch 2000 is the average of
the batch results from batch 2000 through the last batch.
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The plotted values correspond to the average of the last 15 batches, the average of the next to
last 15 batches, etc. This plot is intended to show trends in the neutron multiplication.
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This plot shows the actual distribution of k's compared to a normal distribution (solid
line). The plot also indicates the results of a W-test (a test of normality) applied to the
"settled" batches.
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A plot of the "Fraction of Fissioning Neutrons With Energy Below E vs. Energy".
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The ….out file for Problem 2
• General information concerning code version and machine dependencies.

** COG10.17          gps16        -- Version 10.17   May 15 2003! **

Read /usr/gapps/cog/Dec/datax6/COGUsersNotes

 for latest news about COG features,

 modifications, capabilities, etc.

COG Input file: Example2

In Directory:   /g/g12/buck/cog10/Dec/tests

• Echo of the input file.

COG  --  LISTINGS OF INPUT LINES     Thu Jul  3     10:01:06 2003

>> PU-MET-FAST-001:  JEZEBEL (17.020 kg Pu(95.48)-1.02Ga @ 15.61 g/cc)

>>

>> BASIC

>> neutron delayedn

>>

>> SURFACES

>> 1 sphere 6.3849 $ per Section 3.2

>>

>> GEOMETRY

>> sector 1 alloy -1

>> boundary vacuum 1

>> picture cs material -7  0  7 -7  0 -7   7 0 -7

>> volume              -7 -7 -7  7 -7 -7  -7 7 -7  14 14 14

>>

>> CRITICALITY

>> npart=5000 nbatch=5005 sdt=0.0001 nfirst=6 norm=1.

>> nsource=1  0. 0. 0.

>>

>> MIX

>> nlib=ENDFB6R7 $ Atom Densities per Table 3

 >> mat=1 bunches ga 1.3752-3 pu239 3.7047-2 pu240 1.7512-3 pu241 1.1674-4

>>

>> END
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• COG's interpretation of the BASIC Data Block—units, starting random number
seed, particle types to be followed, etc.

BASIC PARAMETERS

     Units of length = centimeter

     Units of time = second

     Units of energy = mev

     Maximum running time =  1.0000E+08 minutes

     Random number seeds =    27906    3945

         Sequence number =                1

     Particle types to be followed:      neutron

     Cross sections, etc. above the high energy limit of the data

       are taken to be equal to the values at the high energy limit

     Secondary neutron production is in the analog mode,

      i.e. multiple neutrons of unit weight, rather than a single

      neutron with non-unit weight, are produced for (n,2n), etc.

     Delayed neutrons are being followed

• COG's interpretation of the MIX Data Block. The total density for each material is
shown so that input errors can be more easily detected.

MIXTURE DEFINITIONS

   Definition of cross-section file: nlib     = ENDFB6R7

Material
Number

Physical
Temp

Component
Name

Density
(gm/cc)

Number
Fraction

Weight
Percent

atoms/
barn-cm

1 20.0 C ga 1.375E-03
pu239 3.705E-02
pu240 1.751E-03
pu241 1.167E-04
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• COG's interpretation of the SURFACE Data Block—the input "shorthand" is
expanded. Check to make sure the surfaces are as intended.

GEOMETRICAL SURFACE SPECIFICATIONS:          unit length is one centimeter

Surface Number       1          sphere

         Radius          6.38490E+00

• COG's interpretation of the GEOMETRY Data Block—essentially an echo of the
input, with material, region, and density factors included.

BASIC GEOMETRICAL DESCRIPTION

No. Name Mat Reg Df --Surface relationships--
sector 1 alloy 1 1 1.000E+00 -1

boundary vacuum +1

• COG's interpretation of the CRITICALITY Data Block—a reiteration of the
criticality parameters.

CRITICALITY CALCULATION PARAMETERS

Number of particles per batch = 5000

Maximum number of batches = 5005

Terminating standard deviation = 1.00E-04

First batch used to obtain fluxes = 6

Number of fissions per second = 1.0000E+00

Position of initial point sources

.0000E+00   .0000E+00   .0000E+00

• The names of the dictionary and all cross section files, plus the starting random
number seeds.

dictionary file 8/30/02 /usr/gapps/cog/Dec/datax6/COGLEX

Standard  Dictionary

neutron cross section file ... 5/07/03 /usr/gapps/cog/Dec/datax6/ENDFB6R7

ENDF/B-VI - Processed by Red Cullen Using PREPRO2000

Starting Random Number Seeds for Transport Phase = 27906 3945

Starting Sequence Number = 1
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• Results showing the individual batch k's and various average k's, where the averages
are from the last batch towards the first batch. Repeated, for emphasis, are the
average multiplication and its standard deviation.

Sample Criticality Problem

K CALCULATION RESULTS

(Averaged from the last batch towards the first batch.)

Batch Batch k Ave to this batch Ave of last 5 Ave of last 10

5005 1.0149 1.0149 1.0149

5004 0.9908 1.0028 0.0120

5003 0.9990 1.0016 0.0071

5002 1.0087 1.0033 0.0053

5001 0.9966 1.0020 0.0043 1.0020 0.0043

5000 0.9812 0.9985 0.0049 0.9953 0.0045

4999 1.0011 0.9989 0.0042 0.9973 0.0045

4998 0.9933 0.9982 0.0037 0.9962 0.0045

4997 1.0273 1.0014 0.0046 0.9999 0.0076

4996 0.9794 0.9992 0.0047 0.9965 0.0087 0.9992 0.0047

4995 0.9936 0.9987 0.0043 0.9989 0.0079 0.9971 0.0043

. . .

10 0.9880 0.9978 0.0004 0.9970 0.0108 1.0011 0.0065

9 0.9916 0.9978 0.0004 0.9993 0.0102 0.9993 0.0065

8 1.0061 0.9978 0.0004 1.0061 0.0076 1.0023 0.0060

7 0.9938 0.9978 0.0004 1.0017 0.0074 1.0016 0.0060

6 1.0271 0.9978 0.0004 1.0013 0.0071 1.0023 0.0063

5 1.0477

4 1.0122

3 1.0656

2 1.1048

1 1.3394

Average Multiplication = 0.9978
Standard Deviation = 0.0004
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• A table showing the fraction of fissioning neutrons with energy below a given
energy, i.e. effectively, the integrated spectrum of fissioning neutrons. This table is in
MeV, regardless of the energy units set in the BASIC Data Block.

FRACTION OF FISSIONING, ABSORBED, AND ESCAPING NEUTRONS WITH ENERGY BELOW E

       Median =            1.4736E+00      3.1732E-01      1.4238E+00

                                      Fraction Below
     Energy (MeV)         Fissions      Absorptions       Escapes
     ------------     --------------  --------------  --------------
      1.0000E-11          0.0000          0.0000          0.0000
      9.7811E-05          0.0000          0.0000          0.0000
      1.1300E-04          0.0000          0.0001          0.0000
      1.3055E-04          0.0000          0.0001          0.0000
      1.5083E-04          0.0000          0.0001          0.0000
       . . .

      3.5335E+00          0.8572          0.9942          0.8517
      4.0750E+00          0.8988          0.9964          0.8948
      4.6996E+00          0.9316          0.9979          0.9300
      5.4198E+00          0.9558          0.9989          0.9568
      6.2505E+00          0.9728          0.9994          0.9756
      7.2084E+00          0.9853          0.9996          0.9876
      8.3132E+00          0.9933          0.9998          0.9943
      9.5873E+00          0.9973          0.9999          0.9977
      1.1057E+01          0.9991          1.0000          0.9992
      1.2751E+01          0.9997          1.0000          0.9998
      1.4706E+01          0.9999          1.0000          0.9999
      1.6959E+01          1.0000          1.0000          1.0000
      3.0000E+01          1.0000          1.0000          1.0000

• Various criticality output parameters. Mean time to fission—time from neutron birth
from fission to capture producing fission. Mean time to absorption—time from
neutron birth from fission to neutron absorption. Mean time to escape—time from
neutron birth from fission to neutron escape. Optical path by region—average
distance between collisions in the various regions. These times are in seconds and the
optical path is in cm, regardless of the units set in the BASIC Data Block.

MEAN TIME TO FISSION (MEAN GENERATION TIME) = 2.9109E-09 ± 1.7767E-12 sec

MEAN TIME TO ABSORPTION (PROMPT NEUTRON LIFETIME) = 7.9258E-09 ± 2.4334E-
11 sec

MEAN TIME TO ESCAPE = 3.7857E-09 ± 1.2497E-12 sec

OPTICAL PATH (cm)       BY REGION
3.1943E+00 ± 3.8710E-04         1
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• The Summary Table. The summary table contains, for each region, a list of events
that occurred in the region, the particle types associated with each event, the number
of such events, the removal (from the region) weight for each event, the addition (to
the region) weight for each event, and the energy deposited (in the region) by each
event. For example, in the uranium ball the deposited  energy due to fissions is 181.43
MeV, the (averaged over energy) ǹ  is 2.60 (Addition Weight), etc. For criticality
problems the weights and energy deposition are normalized to one fission event, i.e.
the Removal Weight for the Fission event in the Sum over all regions should be unity.

SUMMARY OF RANDOM-WALK EVENTS FOR THE LAST 5000 BATCHES
The Weights and Energies are normalized to one fission event,
(Neutrons from fission are missing a factor of k).

Region number    0

Weight Energy (MeV)
Event Part # of

Events
Removal Addition Deposited Balance

----------- ----- -------- ---------- ---------- ---------- ----------

Region number    1    Region name alloy

Weight Energy (MeV)
Event Part # of

Events
Removal Addition Deposited Balance

----------- ----- -------- ---------- ---------- ---------- ----------
Leakage neut 16836513 2.1335E+00 0.0000E+00 0.0000E+00 -4.0558E+00
Low energy neut 22 2.7844E-06 0.0000E+00 5.9080E-05 -5.9080E-05
Elastic neut 22208060 2.8154E+00 2.8154E+00 1.1043E-02 -1.1043E-02
(n,n'g) neut 6922795 8.7713E-01 8.7713E-01 7.8767E-01 -7.8767E-01
(n,2ng) neut 27887 3.5303E-03 7.0605E-03 3.3262E-03 -2.3336E-02
(n,3ng) neut 32 4.0515E-06 1.2155E-05 8.0632E-06 -5.9249E-05
(n,fission) neut 7891659 1.0000E+00 3.1644E+00 2.0183E+02 4.8946E+00
(n,pg) neut 21 2.6596E-06 0.0000E+00 2.1338E-05 -2.1621E-05
(n,ag) neut 245 3.1011E-05 0.0000E+00 2.4475E-04 -1.6475E-04
(n,g) neut 271045 3.4398E-02 0.0000E+00 2.3814E-01 -1.6480E-02
----------- ----- -------- ---------- ---------- ---------- ----------
Totals neut 6.8640E+00 6.8640E+00 2.0287E+02 -5.8885E-05

Statistics on Pre-collision Weights
                               Minimum       Maximum       Average
                 neut        9.9187E-01    4.0016E+00    1.0014E+00
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Sum over all regions
Weight Energy (MeV)

Event Part # of
Events

Removal Addition Deposited Balance

----------- ----- -------- ---------- ---------- ---------- ----------
Leakage neut 16836513 2.1335E+00 0.0000E+00 0.0000E+00 -4.0558E+00
Low energy neut 22 2.7844E-06 0.0000E+00 5.9080E-05 -5.9080E-05
Elastic neut 22208060 2.8154E+00 2.8154E+00 1.1043E-02 -1.1043E-02
(n,n'g) neut 6922795 8.7713E-01 8.7713E-01 7.8767E-01 -7.8767E-01
(n,2ng) neut 27887 3.5303E-03 7.0605E-03 3.3262E-03 -2.3336E-02
(n,3ng) neut 32 4.0515E-06 1.2155E-05 8.0632E-06 -5.9249E-05
(n,fission) neut 7891659 1.0000E+00 3.1644E+00 2.0183E+02 4.8946E+00
(n,pg) neut 21 2.6596E-06 0.0000E+00 2.1338E-05 -2.1621E-05
(n,ag) neut 245 3.1011E-05 0.0000E+00 2.4475E-04 -1.6475E-04
(n,g) neut 271045 3.4398E-02 0.0000E+00 2.3814E-01 -1.6480E-02
----------- ----- -------- ---------- ---------- ---------- ----------
Totals neut 6.8640E+00 6.8640E+00 2.0287E+02 -5.8885E-05

                               Statistics on Pre-collision Weights
                               Minimum       Maximum       Average
                 neut        9.9187E-01    4.0016E+00    1.0014E+00

• Some restart, timing and miscellaneous memory information.

To continue this calculation, restart with RNG Sequence Number =     261392436
                              for Starting Seeds   27906    3945

    PU-MET-FAST-001:  JEZEBEL (17.020 kg Pu(95.48)-1.02Ga @ 15.61 g/cc)
         COG Problem Began at:         Thu Jul  3     10:01:06 2003
         COG Problem Completed at:     Thu Jul  3     10:16:33 2003

  Total Problem CPU Time Used (hh:mm:ss) =    0:15:21

         ***********Memory Manager Report************
         Number of System memory blocks allocated=  12
         Total number of Megabytes allocated=  34.0
         Maximum Allowed Heapsize (MB)=  29696.0
         Min. block size =   1.0  Max. block size=   8.0  Megabytes
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COG COGLEX Dictionary Listing
The following pages list the materials available in the standard COG dictionary,
COGLEX.  COGLEX lists the elements, isotopes, compounds, and mixtures to be
found in ALL of the cross section databases which COG uses. The user should
carefully note that not every COGLEX entry can be found in a particular database.
For example, the ENDFB6R7 neutron database contains the oxygen isotopes 8016
and 8017, while ENDL90 contain just 8016. None of the neutron libraries contains
Ge, although it is available on the EPDL photon library. Requesting a material entry
not in the specified database causes COG to issue an error message and stop. We plan
to make available database query tools which will allow the user to review the
contents of a given database.

Some databases have entries for “natural” elements, such as C (6000). Other
databases may not, but may have the isotopic constituents (6012 and 6013) and COG
will mix up cross sections as directed by a database of natural abundances. If neither
of these cases obtains for a specified natural element, COG halts with an error
message.

The listing consists, for each material, of the material name (and aliases), the density
(in gm/cc), and pairs of (isotope, weight fraction) for the isotopes composing the
material. Material names can contain at most 8 characters, and consist of the chemical
symbol (Li, Li6, etc.), the full name (Lithium, Lithium6, etc., where possible), Z or
1000Z (3, 3000, etc.) for naturally occurring abundances, or 1000Z + A (3006, etc.)
for specific isotopes. The code input is case insensitive, so Li, li, lI, and LI are all
equivalent. The material definition is given in terms of isotope, weight fraction pairs,
i.e. naturally occurring Lithium is defined to be 6.4% Lithium6 and 93.6% Lithium7.

The entries are self-explanatory with the following exceptions.

FF or 99125 represents a composite of fission fragments.

The materials which are all numbers (e.g., 1801, 4809) are special S(a,b) materials.

The materials at the end of the listing (e.g., c*3, c*9) are special analytic cross
sections for code testing.

Calculations using the S(a,b) scattering formalism (described in the MIX section) can
make use of a special set of materials. In describing them, the following notation is
used: (A.B) indicates that material A in the material is treated as if it were bound to
material B.  For example, the MIX specification (H.H2O) or 301001 causes COG to
treat the material’s  hydrogen as if it were bound in water.
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The available materials are:

(C6H6) or 501001, (H.CH2) or 201001, (H.H2O) or 301001, (H.ZrH) or 401001,
(D.D2O) or 101002, Be-metal as (Be) or 104009, (Be.BeO) or 204009, Graphite as
(C) or 106012, (O.UO2) or 108016, and (Zr.ZrH) or 140000.

At the end of the listing is an alphabetical index of all the entries, with page numbers
corresponding to the definitions. These page numbers refer to the listing pages, they
are not page numbers for the Manual.

These densities and definitions are intended to be an aid to COG users. This is not
meant to be an authoritative compilation.
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COGLEX COGLEX
Standard  Dictionary Standard  Dictionary
 1/19/02      1134 entries       Page  1  1/19/02      1134 entries       Page  2

Dictionary Definitions         Dictionary Definitions
Material     Density  Isotope   WghtFrac Material     Density  Isotope   WghtFrac
---------------------------------------- ----------------------------------------
H           8.99E-05     1000   1.00E+00 H3          2.68E-04     1003   1.00E+00
Hydrogen T
---------------------------------------- Tritium
H1          8.99E-05     1001   1.00E+00 Hydroge3
Hydroge1 ----------------------------------------
---------------------------------------- He          1.79E-04     2000   1.00E+00
(C6H6)      6.77E-02   501001   1.00E+00 Helium
                      5001001   7.70E-02
                      5006012   9.23E-01

----------------------------------------

---------------------------------------- He3         1.34E-04     2003   1.00E+00
(H.CH2)     1.35E-01   201001   1.00E+00 Helium3
                      2001001   1.00E+00 ----------------------------------------
---------------------------------------- He4         1.79E-04     2004   1.00E+00
1801        1.12e-01     1801   1.00e+00 Helium4
---------------------------------------- ----------------------------------------
1901        1.35e-01     1901   1.00e+00 Li          5.34E-01     3000   1.00E+00
---------------------------------------- Lithium
(H.H2O)     1.12E-01   301001   1.00E+00 ----------------------------------------
                      3001001   1.00E+00 Li6         4.63E-01     3006   1.00E+00
---------------------------------------- Lithium6
(H.ZrH)     6.17E-02   401001   1.00E+00 ----------------------------------------
                      4001001   1.00E+00 Li7         5.40E-01     3007   1.00E+00
---------------------------------------- Lithium7
H2          1.79E-04     1002   1.00E+00 ----------------------------------------
D Be          1.85E+00     4000   1.00E+00
Deuteriu Berylliu
Hydroge2 ----------------------------------------
---------------------------------------- Be7         1.44E+00     4007   1.00E+00
(D.D2O)     2.23E-01   101002   1.00E+00 Berylli7
                      1001002   1.00E+00 ----------------------------------------
---------------------------------------- Be9         1.85E+00     4009   1.00E+00
1902        2.23e-01     1902   1.00e+00 Berylli9
---------------------------------------- ----------------------------------------

Be10        2.06E+00     4010   1.00E+00
Beryll10
----------------------------------------
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COGLEX COGLEX
Standard  Dictionary Standard  Dictionary
 1/19/02      1134 entries     Page 3  1/19/02      1134 entries     Page 4

        Dictionary Definitions         Dictionary Definitions
Material     Density  Isotope   WghtFrac Material     Density  Isotope   WghtFrac
---------------------------------------- ----------------------------------------
(Be)        1.85E+00   104009   1.00E+00 N14         1.25E-03     7014   1.00E+00
                      1004009   1.00E+00 Nitrog14
---------------------------------------- ----------------------------------------
4809        1.85E+00     4809   1.00e+00 N15         1.34E-03     7015   1.00E+00
---------------------------------------- Nitrog15
(BeO)       2.86E+00   204009   1.00E+00 ----------------------------------------
                      2004009   3.60E-01 O           1.43E-03     8000   1.00E+00
                      2008016   6.40E-01 Oxygen
---------------------------------------- ----------------------------------------
B           2.37E+00     5000   1.00E+00 O16         1.43E-03     8016   1.00E+00
Boron Oxygen16
---------------------------------------- ----------------------------------------
B10         2.17E+00     5010   1.00E+00 O17         1.52E-03     8017   1.00E+00
Boron10 Oxygen17
---------------------------------------- ----------------------------------------
B11         2.38E+00     5011   1.00E+00 O18         1.61E-03     8018   1.00E+00
Boron11 Oxygen18
---------------------------------------- ----------------------------------------
C           2.25E+00     6000   1.00E+00 (O.UO2)     1.18E+00   108016   1.00E+00
Carbon                       1008016   1.00E+00
---------------------------------------- ----------------------------------------
C12         2.25E+00     6012   1.00E+00 F           1.70E-03     9000   1.00E+00
Carbon12 Fluorine
---------------------------------------- ----------------------------------------
C13         2.25E+00     6013   1.00E+00 F19         1.70E-03     9019   1.00E+00
Carbon13 Fluori19
---------------------------------------- ----------------------------------------
(C)         2.25E+00   106012   1.00E+00 Ne          9.00E-04    10000   1.00E+00
                      1006012   1.00E+00 Neon
---------------------------------------- ----------------------------------------
6912        2.25E+00     6912   1.00E+00 Ne20        9.00E-04    10020   1.00E+00
---------------------------------------- Neon20
N           1.25E-03     7000   1.00E+00 ----------------------------------------
Nitrogen Ne21        9.45E-02    10021   1.00E+00
---------------------------------------- Neon21

----------------------------------------
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COGLEX COGLEX
Standard  Dictionary Standard  Dictionary
 1/19/02      1134 entries     Page 5  1/19/02      1134 entries     Page 6

        Dictionary Definitions         Dictionary Definitions
Material     Density  Isotope   WghtFrac Material     Density  Isotope   WghtFrac
---------------------------------------- ----------------------------------------
Ne22        9.90E-04    10022   1.00E+00 Si30        2.49E+00    14030   1.00E+00
Neon22 Silico30
---------------------------------------- ----------------------------------------
Na          9.71E-01    11000   1.00E+00 P           1.82E+00    15000   1.00E+00
Sodium Phosphor
---------------------------------------- ----------------------------------------
Na23        9.71E-01    11023   1.00E+00 P31         1.82E+00    15031   1.00E+00
Sodium23 Phosph31
---------------------------------------- ----------------------------------------
Mg          1.74E+00    12000   1.00E+00 S           2.06E+00    16000   1.00E+00
Magnesiu Sulfur
---------------------------------------- ----------------------------------------
Mg24        1.72E+00    12024   1.00E+00 S32         2.05E+00    16032   1.00E+00
Magnes24 Sulfur32
---------------------------------------- ----------------------------------------
Mg25        1.79E+00    12025   1.00E+00 S33         2.12E+00    16033   1.00E+00
Magnes25 Sulfur33
---------------------------------------- ----------------------------------------
Mg26        1.86E+00    12026   1.00E+00 S34         2.18E+00    16034   1.00E+00
Magnes26 Sulfur34
---------------------------------------- ----------------------------------------
Al          2.70E+00    13000   1.00E+00 Cl          3.16E-03    17000   1.00E+00
Aluminum Chlorine
---------------------------------------- ----------------------------------------
Al27        2.70E+00    13027   1.00E+00 Cl35        3.12E-03    17035   1.00E+00
Alumin27 Chlori35
---------------------------------------- ----------------------------------------
Si          2.33E+00    14000   1.00E+00 Cl37        3.30E-03    17037   1.00E+00
Silicon Chlori37
---------------------------------------- ----------------------------------------
Si28        2.32E+00    14028   1.00E+00 Ar          1.73E-03    18000   1.00E+00
Silico28 Argon
---------------------------------------- ----------------------------------------
Si29        2.40E+00    14029   1.00E+00 Ar36        1.56E-03    18036   1.00E+00
Silico29 Argon36
---------------------------------------- ----------------------------------------
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COGLEX COGLEX
Standard  Dictionary Standard  Dictionary
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---------------------------------------- ----------------------------------------
Ar38        1.64E-03    18038   1.00E+00 Ca48        1.85E+00    20048   1.00E+00
Argon38 Calciu48
---------------------------------------- ----------------------------------------
Ar40        1.73E-03    18040   1.00E+00 Sc          2.99E+00    21000   1.00E+00
Argon40 Scandium
---------------------------------------- ----------------------------------------
K           8.60E-01    19000   1.00E+00 Sc45        2.99E+00    21045   1.00E+00
Potassiu Scandi45
---------------------------------------- ----------------------------------------
K39         8.60E-01    19039   1.00E+00 Ti          4.54E+00    22000   1.00E+00
Potass39 Titanium
---------------------------------------- ----------------------------------------
K40         8.80E-01    19040   1.00E+00 Ti46        4.36E+00    22046   1.00E+00
Potass40 Titani46
---------------------------------------- ----------------------------------------
K41         9.00E-01    19041   1.00E+00 Ti47        4.45E+00    22047   1.00E+00
Potass41 Titani47
---------------------------------------- ----------------------------------------
Ca          1.55E+00    20000   1.00E+00 Ti48        4.55E+00    22048   1.00E+00
Calcium Titani48
---------------------------------------- ----------------------------------------
Ca40        1.55E+00    20040   1.00E+00 Ti49        4.64E+00    22049   1.00E+00
Calciu40 Titani49
---------------------------------------- ----------------------------------------
Ca42        1.62E+00    20042   1.00E+00 Ti50        4.74E+00    22050   1.00E+00
Calciu42 Titani50
---------------------------------------- ----------------------------------------
Ca43        1.66E+00    20043   1.00E+00 V           6.11E+00    23000   1.00E+00
Calciu43 Vanadium
---------------------------------------- ----------------------------------------
Ca44        1.70E+00    20044   1.00E+00 V50         5.99E+00    23050   1.00E+00
Calciu44 Vanadi50
---------------------------------------- ----------------------------------------
Ca46        1.78E+00    20046   1.00E+00 V51         6.11E+00    23051   1.00E+00
Calciu46 Vanadi51
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
Cr          7.19E+00    24000   1.00E+00 Co          8.90E+00    27000   1.00E+00
Chromium Cobalt
---------------------------------------- ----------------------------------------
Cr50        6.91E+00    24050   1.00E+00 Co59        8.90E+00    27059   1.00E+00
Chromi50 Cobalt59
---------------------------------------- ----------------------------------------
Cr52        7.18E+00    24052   1.00E+00 Ni          8.90E+00    28000   1.00E+00
Chromi52 Nickel
---------------------------------------- ----------------------------------------
Cr53        7.32E+00    24053   1.00E+00 Ni58        8.78E+00    28058   1.00E+00
Chromi53 Nickel58
---------------------------------------- ----------------------------------------
Cr54        7.46E+00    24054   1.00E+00 Ni60        9.09E+00    28060   1.00E+00
Chromi54 Nickel60
---------------------------------------- ----------------------------------------
Mn          7.43E+00    25000   1.00E+00 Ni61        9.24E+00    28061   1.00E+00
Manganes Nickel61
---------------------------------------- ----------------------------------------
Mn55        7.43E+00    25055   1.00E+00 Ni62        9.39E+00    28062   1.00E+00
Mangan55 Nickel62
---------------------------------------- ----------------------------------------
Fe          7.87E+00    26000   1.00E+00 Ni64        9.69E+00    28064   1.00E+00
Iron Nickel64
---------------------------------------- ----------------------------------------
Fe54        7.60E+00    26054   1.00E+00 Cu          8.96E+00    29000   1.00E+00
Iron54 Copper
---------------------------------------- ----------------------------------------
Fe56        7.88E+00    26056   1.00E+00 Cu63        8.87E+00    29063   1.00E+00
Iron56 Copper63
---------------------------------------- ----------------------------------------
Fe57        8.03E+00    26057   1.00E+00 Cu65        9.15E+00    29065   1.00E+00
Iron57 Copper65
---------------------------------------- ----------------------------------------
Fe58        8.17E+00    26058   1.00E+00 Zn          7.13E+00    30000   1.00E+00
Iron58 Zinc
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
Zn64        6.97E+00    30064   1.00E+00 Ge74        5.42E+00    32074   1.00E+00
Zinc64 German74
---------------------------------------- ----------------------------------------
Zn66        7.19E+00    30066   1.00E+00 Ge76        5.56E+00    32076   1.00E+00
Zinc66 German76
---------------------------------------- ----------------------------------------
Zn67        7.30E+00    30067   1.00E+00 As          5.73E+00    33000   1.00E+00
Zinc67 Arsenic
---------------------------------------- ----------------------------------------
Zn68        7.41E+00    30068   1.00E+00 As75        5.73E+00    33075   1.00E+00
Zinc68 Arseni75
---------------------------------------- ----------------------------------------
Zn70        7.63E+00    30070   1.00E+00 Se          4.79E+00    34000   1.00E+00
Zinc70 Selenium
---------------------------------------- ----------------------------------------
Ga          5.90E+00    31000   1.00E+00 Se74        4.53E+00    34074   1.00E+00
Galium Seleni74
---------------------------------------- ----------------------------------------
Ga69        5.83E+00    31069   1.00E+00 Se76        4.65E+00    34076   1.00E+00
Galium69 Seleni76
---------------------------------------- ----------------------------------------
Ga71        6.00E+00    31071   1.00E+00 Se77        4.71E+00    34077   1.00E+00
Galium71 Seleni77
---------------------------------------- ----------------------------------------
Ge          5.32E+00    32000   1.00E+00 Se78        4.77E+00    34078   1.00E+00
Germaniu Seleni78
---------------------------------------- ----------------------------------------
Ge70        5.12E+00    32070   1.00E+00 Se80        4.90E+00    34080   1.00E+00
German70 Seleni80
---------------------------------------- ----------------------------------------
Ge72        5.27E+00    32072   1.00E+00 Se82        5.02E+00    34082   1.00E+00
German72 Seleni82
---------------------------------------- ----------------------------------------
Ge73        5.34E+00    32073   1.00E+00 Br          7.59E-03    35000   1.00E+00
German73 Bromine
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
Br79        7.50E-03    35079   1.00E+00 Sr          2.54E+00    38000   1.00E+00
Bromin79 Strontiu
---------------------------------------- ----------------------------------------
Br81        7.69E-03    35081   1.00E+00 Sr84        2.43E+00    38084   1.00E+00
Bromin81 Stront84
---------------------------------------- ----------------------------------------
Kr          3.74E-03    36000   1.00E+00 Sr86        2.49E+00    38086   1.00E+00
Krypton Stront86
---------------------------------------- ----------------------------------------
Kr78        3.48E-03    36078   1.00E+00 Sr87        2.52E+00    38087   1.00E+00
Krypto78 Stront87
---------------------------------------- ----------------------------------------
Kr80        3.57E-03    36080   1.00E+00 Sr88        2.55E+00    38088   1.00E+00
Krypto80 Stront88
---------------------------------------- ----------------------------------------
Kr82        3.66E-03    36082   1.00E+00 Y           4.47E+00    39000   1.00E+00
Krypto82 Yttrium
---------------------------------------- ----------------------------------------
Kr83        3.70E-03    36083   1.00E+00 Y89         4.47E+00    39089   1.00E+00
Krypto83 Yttriu89
---------------------------------------- ----------------------------------------
Kr84        3.74E-03    36084   1.00E+00 Zr          6.51E+00    40000   1.00E+00
Krypto84 Zirconiu
---------------------------------------- ----------------------------------------
Kr86        3.83E-03    36086   1.00E+00 Zr90        6.42E+00    40090   1.00E+00
Krypto86 Zircon90
---------------------------------------- ----------------------------------------
Rb          1.53E+00    37000   1.00E+00 Zr91        6.49E+00    40091   1.00E+00
Rubidium Zircon91
---------------------------------------- ----------------------------------------
Rb85        1.52E+00    37085   1.00E+00 Zr92        6.56E+00    40092   1.00E+00
Rubidi85 Zircon92
---------------------------------------- ----------------------------------------
Rb87        1.56E+00    37087   1.00E+00 Zr94        6.70E+00    40094   1.00E+00
Rubidi87 Zircon94
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
Zr96        6.84E+00    40096   1.00E+00 Tc          1.15E+01    43000   1.00E+00
Zircon96 Techneti
---------------------------------------- ----------------------------------------
(Zr.ZrH)    5.55E+00   140000   1.00E+00 Ru          1.24E+01    44000   1.00E+00
                      1040000   1.00E+00 Rutheniu
---------------------------------------- ----------------------------------------
Nb          8.57E+00    41000   1.00E+00 Ru96        1.18E+01    44096   1.00E+00
Niobium Ruthen96
---------------------------------------- ----------------------------------------
Nb93        8.57E+00    41093   1.00E+00 Ru98        1.20E+01    44098   1.00E+00
Niobiu93 Ruthen98
---------------------------------------- ----------------------------------------
Mo          1.02E+01    42000   1.00E+00 Ru99        1.21E+01    44099   1.00E+00
Molybden Ruthen99
---------------------------------------- ----------------------------------------
Mo92        9.80E+00    42092   1.00E+00 Ru100       1.23E+01    44100   1.00E+00
Molybd92 Ruthe100
---------------------------------------- ----------------------------------------
Mo94        1.00E+01    42094   1.00E+00 Ru101       1.24E+01    44101   1.00E+00
Molybd94 Ruthe101
---------------------------------------- ----------------------------------------
Mo95        1.01E+01    42095   1.00E+00 Ru102       1.25E+01    44102   1.00E+00
Molybd95 Ruthe102
---------------------------------------- ----------------------------------------
Mo96        1.02E+01    42096   1.00E+00 Ru104       1.27E+01    44104   1.00E+00
Molybd96 Ruthe104
---------------------------------------- ----------------------------------------
Mo97        1.03E+01    42097   1.00E+00 Rh          1.24E+01    45000   1.00E+00
Molybd97 Rhodium
---------------------------------------- ----------------------------------------
Mo98        1.04E+01    42098   1.00E+00 Rh103       1.24E+01    45103   1.00E+00
Molybd98 Rhodi103
---------------------------------------- ----------------------------------------
Mo100       1.06E+01    42100   1.00E+00 Pd          1.20E+01    46000   1.00E+00
Molyb100 Palladiu
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
Pd102       1.15E+01    46102   1.00E+00 Cd110       8.46E+00    48119   1.00E+00
Palla102 Cadmi110
---------------------------------------- ----------------------------------------
Pd104       1.17E+01    46104   1.00E+00 Cd111       8.53E+00    48111   1.00E+00
Palla104 Cadmi111
---------------------------------------- ----------------------------------------
Pd105       1.19E+01    46105   1.00E+00 Cd112       8.61E+00    48112   1.00E+00
Palla105 Cadmi112
---------------------------------------- ----------------------------------------
Pd106       1.20E+01    46106   1.00E+00 Cd113       8.69E+00    48113   1.00E+00
Palla106 Cadmi113
---------------------------------------- ----------------------------------------
Pd108       1.22E+01    46108   1.00E+00 Cd114       8.77E+00    48114   1.00E+00
Palla108 Cadmi114
---------------------------------------- ----------------------------------------
Pd110       1.24E+01    46110   1.00E+00 Cd116       8.92E+00    48116   1.00E+00
Palla110 Cadmi116
---------------------------------------- ----------------------------------------
Ag          1.05E+01    47000   1.00E+00 In          7.31E+00    49000   1.00E+00
Silver Indium
---------------------------------------- ----------------------------------------
Ag107       1.04E+01    47107   1.00E+00 In113       7.19E+00    49113   1.00E+00
Silve107 Indiu113
---------------------------------------- ----------------------------------------
Ag109       1.06E+01    47109   1.00E+00 In115       7.32E+00    49115   1.00E+00
Silve109 Indiu115
---------------------------------------- ----------------------------------------
Cd          8.65E+00    48000   1.00E+00 Sn          7.31E+00    50000   1.00E+00
Cadmium Tin
---------------------------------------- ----------------------------------------
Cd106       8.15E+00    48106   1.00E+00 Sn112       6.82E+00    50112   1.00E+00
Cadmi106 Tin112
---------------------------------------- ----------------------------------------
Cd108       8.30E+00    48108   1.00E+00 Sn114       6.94E+00    50114   1.00E+00
Cadmi108 Tin114
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
Sn115       7.00E+00    50115   1.00E+00 Te120       5.86E+00    52120   1.00E+00
Tin115 Tellu120
---------------------------------------- ----------------------------------------
Sn116       7.07E+00    50116   1.00E+00 Te122       5.96E+00    52122   1.00E+00
Tin116 Tellu122
---------------------------------------- ----------------------------------------
Sn117       7.13E+00    50117   1.00E+00 Te123       6.01E+00    52123   1.00E+00
Tin117 Tellu123
---------------------------------------- ----------------------------------------
Sn118       7.19E+00    50118   1.00E+00 Te124       6.06E+00    52124   1.00E+00
Tin118 Tellu124
---------------------------------------- ----------------------------------------
Sn119       7.25E+00    50119   1.00E+00 Te125       6.11E+00    52125   1.00E+00
Tin119 Tellu125
---------------------------------------- ----------------------------------------
Sn120       7.31E+00    50120   1.00E+00 Te126       6.16E+00    52126   1.00E+00
Tin120 Tellu126
---------------------------------------- ----------------------------------------
Sn122       7.43E+00    50122   1.00E+00 Te128       6.25E+00    52128   1.00E+00
Tin122 Tellu128
---------------------------------------- ----------------------------------------
Sn124       7.55E+00    50124   1.00E+00 Te130       6.35E+00    52130   1.00E+00
Tin124 Tellu130
---------------------------------------- ----------------------------------------
Sb          6.69E+00    51000   1.00E+00 I           4.93E+00    53000   1.00E+00
Antimony Iodine
---------------------------------------- ----------------------------------------
Sb121       6.64E+00    51121   1.00E+00 I127        4.93E+00    53127   1.00E+00
Antim121 Iodin127
---------------------------------------- ----------------------------------------
Sb123       6.75E+00    51123   1.00E+00 Xe          5.89E-03    54000   1.00E+00
Antim123 Xenon
---------------------------------------- ----------------------------------------
Te          6.24E+00    52000   1.00E+00 Xe124       5.57E-03    54124   1.00E+00
Telluriu Xenon124
---------------------------------------- ----------------------------------------
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Xe126       5.66E-03    54126   1.00E+00 Ba132       3.36E+00    56132   1.00E+00
Xenon126 Bariu132
---------------------------------------- ----------------------------------------
Xe128       5.75E-03    54128   1.00E+00 Ba134       3.41E+00    56134   1.00E+00
Xenon128 Bariu134
---------------------------------------- ----------------------------------------
Xe129       5.79E-03    54129   1.00E+00 Ba135       3.44E+00    56135   1.00E+00
Xenon129 Bariu135
---------------------------------------- ----------------------------------------
Xe130       5.84E-03    54130   1.00E+00 Ba136       3.46E+00    56136   1.00E+00
Xenon130 Bariu136
---------------------------------------- ----------------------------------------
Xe131       5.88E-03    54131   1.00E+00 Ba137       3.49E+00    56137   1.00E+00
Xenon131 Bariu137
---------------------------------------- ----------------------------------------
Xe132       5.93E-03    54132   1.00E+00 Ba138       3.51E+00    56138   1.00E+00
Xenon132 Bariu138
---------------------------------------- ----------------------------------------
Xe134       6.02E-03    54134   1.00E+00 La          6.15E+00    57000   1.00E+00
Xenon134 Lanthanu
---------------------------------------- ----------------------------------------
Xe136       6.11E-03    54136   1.00E+00 La138       6.11E+00    57138   1.00E+00
Xenon136 Lanth138
---------------------------------------- ----------------------------------------
Cs          1.87E+00    55000   1.00E+00 La139       6.15E+00    57139   1.00E+00
Cesium Lanth139
---------------------------------------- ----------------------------------------
Cs133       1.87E+00    55133   1.00E+00 Ce          6.66E+00    58000   1.00E+00
Cesiu133 Cerium
---------------------------------------- ----------------------------------------
Ba          3.50E+00    56000   1.00E+00 Ce136       6.46E+00    58136   1.00E+00
Barium Ceriu136
---------------------------------------- ----------------------------------------
Ba130       3.31E+00    56130   1.00E+00 Ce138       6.55E+00    58138   1.00E+00
Bariu130 Ceriu138
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
Ce140       6.65E+00    58140   1.00E+00 Pm          7.10E+00    61000   1.00E+00
Ceriu140 Promethi
---------------------------------------- ----------------------------------------
Ce142       6.75E+00    58142   1.00E+00 Sm          7.52E+00    62000   1.00E+00
Ceriu142 Samarium
---------------------------------------- ----------------------------------------
Pr          6.77E+00    59000   1.00E+00 Sm144       7.20E+00    62144   1.00E+00
Praseody Samar144
---------------------------------------- ----------------------------------------
Pr141       6.77E+00    59141   1.00E+00 Sm147       7.35E+00    62147   1.00E+00
Prase141 Samar147
---------------------------------------- ----------------------------------------
Nd          7.01E+00    60000   1.00E+00 Sm148       7.40E+00    62148   1.00E+00
Neodymiu Samar148
---------------------------------------- ----------------------------------------
Nd142       6.90E+00    60142   1.00E+00 Sm149       7.45E+00    62149   1.00E+00
Neody142 Samar149
---------------------------------------- ----------------------------------------
Nd143       6.95E+00    60143   1.00E+00 Sm150       7.50E+00    62150   1.00E+00
Neody143 Samar150
---------------------------------------- ----------------------------------------
Nd144       6.99E+00    60144   1.00E+00 Sm152       7.60E+00    62152   1.00E+00
Neody144 Samar152
---------------------------------------- ----------------------------------------
Nd145       7.04E+00    60145   1.00E+00 Sm154       7.70E+00    62154   1.00E+00
Neody145 Samar154
---------------------------------------- ----------------------------------------
Nd146       7.09E+00    60146   1.00E+00 Eu          5.24E+00    63000   1.00E+00
Neody146 Europium
---------------------------------------- ----------------------------------------
Nd148       7.19E+00    60148   1.00E+00 Eu151       5.20E+00    63151   1.00E+00
Neody148 Europ151
---------------------------------------- ----------------------------------------
Nd150       7.28E+00    60150   1.00E+00 Eu153       5.27E+00    63153   1.00E+00
Neody150 Europ153
---------------------------------------- ----------------------------------------
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Gd          7.90E+00    64000   1.00E+00 Dy158       8.31E+00    66158   1.00E+00
Gadolini Dyspr158
---------------------------------------- ----------------------------------------
Gd152       7.63E+00    64152   1.00E+00 Dy160       8.41E+00    66160   1.00E+00
Gadol152 Dyspr160
---------------------------------------- ----------------------------------------
Gd154       7.73E+00    64154   1.00E+00 Dy161       8.47E+00    66161   1.00E+00
Gadol154 Dyspr161
---------------------------------------- ----------------------------------------
Gd155       7.78E+00    64155   1.00E+00 Dy162       8.52E+00    66162   1.00E+00
Gadol155 Dyspr162
---------------------------------------- ----------------------------------------
Gd156       7.83E+00    64156   1.00E+00 Dy163       8.57E+00    66163   1.00E+00
Gadol156 Dyspr163
---------------------------------------- ----------------------------------------
Gd157       7.88E+00    64157   1.00E+00 Dy164       8.63E+00    66164   1.00E+00
Gadol157 Dyspr164
---------------------------------------- ----------------------------------------
Gd158       7.93E+00    64158   1.00E+00 Ho          8.80E+00    67000   1.00E+00
Gadol158 Holmium
---------------------------------------- ----------------------------------------
Gd160       8.03E+00    64160   1.00E+00 Ho165       8.80E+00    67165   1.00E+00
Gadol160 Holmi165
---------------------------------------- ----------------------------------------
Tb          8.23E+00    65000   1.00E+00 Er          9.01E+00    68000   1.00E+00
Terbium Erbium
---------------------------------------- ----------------------------------------
Tb159       8.23E+00    65159   1.00E+00 Er162       8.72E+00    68162   1.00E+00
Terbi159 Erbiu162
---------------------------------------- ----------------------------------------
Dy          8.55E+00    66000   1.00E+00 Er164       8.83E+00    68164   1.00E+00
Dysprosi Erbiu164
---------------------------------------- ----------------------------------------
Dy156       8.20E+00    66156   1.00E+00 Er166       8.94E+00    68166   1.00E+00
Dyspr156 Erbiu166
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
Er167       8.99E+00    68167   1.00E+00 Yb176       7.09E+00    70176   1.00E+00
Erbiu167 Ytter176
---------------------------------------- ----------------------------------------
Er168       9.05E+00    68168   1.00E+00 Lu          9.84E+00    71000   1.00E+00
Erbiu168 Lutetium
---------------------------------------- ----------------------------------------
Er170       9.15E+00    68170   1.00E+00 Lu175       9.84E+00    71175   1.00E+00
Erbiu170 Lutet175
---------------------------------------- ----------------------------------------
Tm          9.32E+00    69000   1.00E+00 Lu176       9.90E+00    71176   1.00E+00
Thulium Lutet176
---------------------------------------- ----------------------------------------
Tm169       9.32E+00    69169   1.00E+00 Hf          1.33E+01    72000   1.00E+00
Thuli169 Hafnium
---------------------------------------- ----------------------------------------
Yb          6.97E+00    70000   1.00E+00 Hf174       1.30E+01    72174   1.00E+00
Ytterbiu Hafni174
---------------------------------------- ----------------------------------------
Yb168       6.77E+00    70168   1.00E+00 Hf176       1.31E+01    72176   1.00E+00
Ytter168 Hafni176
---------------------------------------- ----------------------------------------
Yb170       6.85E+00    70170   1.00E+00 Hf177       1.32E+01    72177   1.00E+00
Ytter170 Hafni177
---------------------------------------- ----------------------------------------
Yb171       6.89E+00    70171   1.00E+00 Hf178       1.33E+01    72178   1.00E+00
Ytter171 Hafni178
---------------------------------------- ----------------------------------------
Yb172       6.93E+00    70172   1.00E+00 Hf179       1.33E+01    72179   1.00E+00
Ytter172 Hafni179
---------------------------------------- ----------------------------------------
Yb173       6.97E+00    70173   1.00E+00 Hf180       1.34E+01    72180   1.00E+00
Ytter173 Hafni180
---------------------------------------- ----------------------------------------
Yb174       7.01E+00    70174   1.00E+00 Ta          1.67E+01    73000   1.00E+00
Ytter174 Tantalum
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
Ta180       1.66E+01    73180   1.00E+00 Os184       2.18E+01    76184   1.00E+00
Tanta180 Osmiu184
---------------------------------------- ----------------------------------------
Ta181       1.67E+01    73181   1.00E+00 Os186       2.21E+01    76186   1.00E+00
Tanta181 Osmiu186
---------------------------------------- ----------------------------------------
W           1.93E+01    74000   1.00E+00 Os187       2.22E+01    76187   1.00E+00
Tungsten Osmiu187
---------------------------------------- ----------------------------------------
W180        1.89E+01    74180   1.00E+00 Os188       2.23E+01    76188   1.00E+00
Tungs180 Osmiu188
---------------------------------------- ----------------------------------------
W182        1.91E+01    74182   1.00E+00 Os189       2.24E+01    76189   1.00E+00
Tungs182 Osmiu189
---------------------------------------- ----------------------------------------
W183        1.92E+01    74183   1.00E+00 Os190       2.25E+01    76190   1.00E+00
Tungs183 Osmiu190
---------------------------------------- ----------------------------------------
W184        1.93E+01    74184   1.00E+00 Os192       2.28E+01    76192   1.00E+00
Tungs184 Osmiu192
---------------------------------------- ----------------------------------------
W186        1.95E+01    74186   1.00E+00 Ir          2.24E+01    77000   1.00E+00
Tungs186 Iridium
---------------------------------------- ----------------------------------------
Re          2.10E+01    75000   1.00E+00 Ir191       2.23E+01    77191   1.00E+00
Rhenium Iridi191
---------------------------------------- ----------------------------------------
Re185       2.09E+01    75185   1.00E+00 Ir193       2.25E+01    77193   1.00E+00
Rheni185 Iridi193
---------------------------------------- ----------------------------------------
Re187       2.11E+01    75187   1.00E+00 Pt          2.15E+01    78000   1.00E+00
Rheni187 Platinum
---------------------------------------- ----------------------------------------
Os          2.26E+01    76000   1.00E+00 Pt190       2.09E+01    78190   1.00E+00
Osmium Plati190
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
Pt192       2.11E+01    78192   1.00E+00 Hg201       1.36E+01    80201   1.00E+00
Plati192 Mercu201
---------------------------------------- ----------------------------------------
Pt194       2.13E+01    78194   1.00E+00 Hg202       1.36E+01    80202   1.00E+00
Plati194 Mercu202
---------------------------------------- ----------------------------------------
Pt195       2.14E+01    78195   1.00E+00 Hg204       1.38E+01    80204   1.00E+00
Plati195 Mercu204
---------------------------------------- ----------------------------------------
Pt196       2.15E+01    78196   1.00E+00 Tl          1.19E+01    81000   1.00E+00
Plati196 Thallium
---------------------------------------- ----------------------------------------
Pt198       2.18E+01    78198   1.00E+00 Tl203       1.18E+01    81203   1.00E+00
Plati198 Thall203
---------------------------------------- ----------------------------------------
Au          1.93E+01    79000   1.00E+00 Tl205       1.19E+01    81205   1.00E+00
Gold Thall205
---------------------------------------- ----------------------------------------
Au197       1.93E+01    79197   1.00E+00 Pb          1.14E+01    82000   1.00E+00
Gold197 Lead
---------------------------------------- ----------------------------------------
Hg          1.36E+01    80000   1.00E+00 Pb204       1.12E+01    82204   1.00E+00
Mercury Lead204
---------------------------------------- ----------------------------------------
Hg196       1.32E+01    80196   1.00E+00 Pb206       1.13E+01    82206   1.00E+00
Mercu196 Lead206
---------------------------------------- ----------------------------------------
Hg198       1.34E+01    80198   1.00E+00 Pb207       1.14E+01    82207   1.00E+00
Mercu198 Lead207
---------------------------------------- ----------------------------------------
Hg199       1.34E+01    80199   1.00E+00 Pb208       1.14E+01    82208   1.00E+00
Mercu199 Lead208
---------------------------------------- ----------------------------------------
Hg200       1.35E+01    80200   1.00E+00 Bi          9.74E+00    83000   1.00E+00
Mercu200 Bismuth
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
Bi209       9.74E+00    83209   1.00E+00 Pa233       1.54E+01    91233   1.00E+00
Bismu209 Prota233
---------------------------------------- ----------------------------------------
Po          9.32E+00    84000   1.00E+00 U           1.90E+01    92000   1.00E+00
Polonium Uranium
---------------------------------------- ----------------------------------------
At          1.00E+01    85000   1.00E+00 U233        1.86E+01    92233   1.00E+00
Astatine Urani233
---------------------------------------- ----------------------------------------
Rn          9.90E-03    86000   1.00E+00 U234        1.87E+01    92234   1.00E+00
Radon Urani234
---------------------------------------- ----------------------------------------
Fr          1.00E+01    87000   1.00E+00 U235        1.88E+01    92235   1.00E+00
Francium Urani235
---------------------------------------- ----------------------------------------
Ra          5.00E+00    88000   1.00E+00 U236        1.88E+01    92236   1.00E+00
Radium Urani236
---------------------------------------- ----------------------------------------
Ac          1.00E+01    89000   1.00E+00 U237        1.89E+01    92237   1.00E+00
Actinium Urani237
---------------------------------------- ----------------------------------------
Th          1.17E+01    90000   1.00E+00 U238        1.90E+01    92238   1.00E+00
Thorium Urani238
---------------------------------------- ----------------------------------------
Th231       1.16E+01    90231   1.00E+00 U239        1.91E+01    92239   1.00E+00
Thori231 Urani239
---------------------------------------- ----------------------------------------
Th232       1.17E+01    90232   1.00E+00 U240        1.92E+01    92240   1.00E+00
Thori232 Urani240
---------------------------------------- ----------------------------------------
Th233       1.17E+01    90233   1.00E+00 Np          1.95E+01    93000   1.00E+00
Thori233 Neptuniu
---------------------------------------- ----------------------------------------
Pa          1.54E+01    91000   1.00E+00 Np235       1.93E+01    93235   1.00E+00
Protacti Neptu235
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
Np236       1.94E+01    93236   1.00E+00 Am241       1.36E+01    95241   1.00E+00
Neptu236 Ameri241
---------------------------------------- ----------------------------------------
Np237       1.95E+01    93237   1.00E+00 Am242       1.36E+01    95242   1.00E+00
Neptu237 Ameri242
---------------------------------------- ----------------------------------------
Np238       1.96E+01    93238   1.00E+00 Am243       1.37E+01    95243   1.00E+00
Neptu238 Ameri243
---------------------------------------- ----------------------------------------
Pu          1.96E+01    94000   1.00E+00 Cm          1.00E+01    96000   1.00E+00
Plutoniu Curium
---------------------------------------- ----------------------------------------
Pu237       1.92E+01    94237   1.00E+00 Cm242       1.00E+01    96242   1.00E+00
Pluto237 Curiu242
---------------------------------------- ----------------------------------------
Pu238       1.93E+01    94238   1.00E+00 Cm243       1.00E+01    96243   1.00E+00
Pluto238 Curiu243
---------------------------------------- ----------------------------------------
Pu239       1.94E+01    94239   1.00E+00 Cm244       1.00E+01    96244   1.00E+00
Pluto239 Curiu244
---------------------------------------- ----------------------------------------
Pu240       1.94E+01    94240   1.00E+00 Cm245       1.00E+01    96245   1.00E+00
Pluto240 Curiu245
---------------------------------------- ----------------------------------------
Pu241       1.95E+01    94241   1.00E+00 Cm246       1.00E+01    96246   1.00E+00
Pluto241 Curiu246
---------------------------------------- ----------------------------------------
Pu242       1.96E+01    94242   1.00E+00 Cm247       1.00E+01    96247   1.00E+00
Pluto242 Curiu247
---------------------------------------- ----------------------------------------
Pu243       1.97E+01    94243   1.00E+00 Cm248       1.00E+01    96248   1.00E+00
Pluto243 Curiu248
---------------------------------------- ----------------------------------------
Am          1.37E+01    95000   1.00E+00 Bk          1.00E+01    97000   1.00E+00
Americiu Berkeliu
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
Bk249       1.00E+01    97249   1.00E+00 Acetone     7.90E-01     1000   1.04E-01
Berke249 C3H6O                    6000   6.21E-01
----------------------------------------                          8016   2.75E-01
Cf          1.00E+01    98000   1.00E+00 ----------------------------------------
Californ Acetylen    1.10E-03     1000   7.70E-02
---------------------------------------- C2H2                     6000   9.23E-01
Cf249       1.00E+01    98249   1.00E+00 ----------------------------------------
Calif249 Adenine     1.35E+00     1000   3.70E-02
---------------------------------------- C5H5N5                   6000   4.45E-01
Cf250       1.00E+01    98250   1.00E+00                          7000   5.18E-01
Calif250 ----------------------------------------
---------------------------------------- Air         1.21E-03     7000   7.55E-01
Cf251       1.00E+01    98251   1.00E+00                          8016   2.32E-01
Calif251                         18000   1.30E-02
---------------------------------------- ----------------------------------------
Cf252       1.00E+01    98252   1.00E+00 Alanine     1.42E+00     1000   7.90E-02
Calif252 C3H7NO2                  6000   4.05E-01
----------------------------------------                          7000   1.57E-01
Es          1.00E+01    99000   1.00E+00                          8016   3.59E-01
Einstein ----------------------------------------
---------------------------------------- AlOxide     3.97E+00     8016   4.71E-01
FF          1.00E+00    99125   1.00E+00 Al2O3                   13000   5.29E-01
FissionF ----------------------------------------
---------------------------------------- Amber       1.10E+00     1000   1.05E-01
Fm          1.00E+01   100000   1.00E+00 C10H16O                  6000   7.90E-01
Fermium                          8016   1.05E-01
---------------------------------------- ----------------------------------------
A-150       1.13E+00     1000   1.01E-01 Ammonia     8.26E-04     1000   1.78E-01
TissueEq                 6000   7.77E-01 NH3                      7000   8.22E-01
                         7000   3.50E-02 ----------------------------------------
                         8016   5.20E-02 Aniline     1.02E+00     1000   7.80E-02
                         9000   1.70E-02 C6H5NH2                  6000   7.72E-01
                        20000   1.80E-02                          7000   1.50E-01
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
Anthrace    1.28E+00     1000   5.70E-02 Blood       1.06E+00     1000   1.01E-01
C14H10                   6000   9.43E-01                          6000   1.00E-01
----------------------------------------                          7000   3.00E-02
B-100       1.45E+00     1000   6.50E-02                          8016   7.60E-01
BoneEq                   6000   5.37E-01                         11000   2.00E-03
                         7000   2.20E-02                         16032   2.00E-03
                         8016   3.20E-02                         17000   3.00E-03
                         9000   1.67E-01                         19000   2.00E-03
                        20000   1.77E-01 ----------------------------------------
---------------------------------------- BoronCar    2.52E+00     5000   7.83E-01
Bakelite    1.25E+00     1000   5.70E-02 BCarbide                 6000   2.17E-01
C43H38O7                 6000   7.75E-01 B4C
                         8016   2.68E-01 ----------------------------------------
---------------------------------------- BoronOxi    1.81E+00     5000   3.11E-01
BariumFl    4.89E+00     9000   2.17E-01 BOxide                   8016   6.89E-01
BaFluori                56138   7.83E-01 B2O3
BaF2 ----------------------------------------
---------------------------------------- Butane      2.49E-03     1000   1.73E-01
BariumSu    4.50E+00     8016   2.74E-01 Isobutan                 6000   8.27E-01
BaSulfat                16032   1.37E-01 C4H10
BaSO4                   56138   5.89E-01 ----------------------------------------
---------------------------------------- ButylAlc    8.10E-01     1000   1.36E-01
Benzene     8.79E-01     1000   7.70E-02 C4H9OH                   6000   6.41E-01
C6H6                     6000   9.23E-01                          8016   2.16E-01
---------------------------------------- ----------------------------------------
BeOxide     3.01E+00     4000   3.60E-01 C-552       1.76E+00     1000   2.50E-02
BeO                      8016   6.40E-01 AirEq                    6000   5.01E-01
----------------------------------------                          8016   5.00E-03

                         9000   4.65E-01
                        14000   4.00E-03
----------------------------------------
CdTe        6.20E+00    48000   4.68E-01
                        52000   5.32E-01
----------------------------------------
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---------------------------------------- ----------------------------------------
CdWO4       7.90E+00     8016   1.78E-01 CsF         4.11E+00     9000   1.25E-01
                        48000   3.12E-01 CesiumFl                55000   8.75E-01
                        74000   5.10E-01 CsFluori
---------------------------------------- ----------------------------------------
CaCO3       2.80E+00     6000   1.20E-01 CsI         4.51E+00    53000   4.89E-01
                         8016   4.80E-01 CsIodide                55000   5.11E-01
                        20000   4.00E-01 ----------------------------------------
---------------------------------------- Chlorofo    1.48E+00     1000   8.00E-03
CaF2        3.18E+00     9000   4.87E-01 ChCl3                    6000   1.01E-01
                        20000   5.13E-01                         17000   8.91E-01
---------------------------------------- ----------------------------------------
CaO         3.30E+00     8016   2.85E-01 Cncrt1      2.25E+00     1000   5.50E-03
                        20000   7.15E-01 LLNL.con                 8016   4.85E-01
----------------------------------------                         11000   2.57E-02
CaSO4       2.96E+00     8016   4.71E-01                         12000   1.50E-02
                        16032   2.35E-01                         13000   4.29E-02
                        20000   2.94E-01                         14000   3.31E-01
----------------------------------------                         20000   6.01E-02
CaWO4       6.06E+00     8016   2.22E-01                         26000   3.41E-02
                        20000   1.39E-01 ----------------------------------------
                        74000   6.39E-01 Cncrt2      2.51E+00     1000   5.00E-03
---------------------------------------- ORNL.con                 8016   4.35E-01
CO2         1.84E-03     6000   2.73E-01                         11000   1.83E-02
                         8016   7.27E-01                         12000   1.34E-02
----------------------------------------                         13000   6.20E-03
CCl4        1.59E+00     6000   7.80E-02                         14000   3.01E-01
                        17000   9.72E-01                         20000   1.90E-01
----------------------------------------                         26000   3.08E-02
Cellopha    1.42E+00     1000   6.20E-02 ----------------------------------------
C6H10O5                  6000   4.45E-01
                         8016   4.93E-01
----------------------------------------
CAB         1.20E+00     1000   6.70E-02
C15H22O8                 6000   5.45E-01
                         8016   3.88E-01
----------------------------------------
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Cncrt3      2.40E+00     1000   3.90E-03 Cncrt7      2.30E+00     1000   1.00E-02
MFE.con                  6000   1.30E-02                          6000   1.00E-03
                         8016   5.09E-01                          8016   5.29E-01
                        11000   1.45E-02                         11000   1.60E-02
                        12000   1.20E-02                         12000   2.00E-03
                        13000   5.00E-02                         13000   3.40E-02
                        14000   3.05E-01                         14000   3.37E-01
                        19000   1.50E-03                         19000   1.30E-02
                        20000   6.20E-02                         20000   4.40E-02
                        26000   2.90E-02                         26000   1.40E-02
---------------------------------------- ----------------------------------------
Cncrt4      3.35E+00     1000   4.00E-03 CrOxide     5.20E+00     8016   3.16E-01
                         8016   3.11E-01 Cr2O3                   24000   6.84E-01
                        12000   1.00E-03 ----------------------------------------
                        13000   4.00E-03 CuIodide    5.62E+00    29000   3.33E-01
                        14000   1.10E-02 CuI                     53000   6.67E-01
                        16032   1.08E-01 ----------------------------------------
                        20000   5.00E-02 CuOxide     6.40E+00     8016   2.01E-01
                        26000   4.80E-02 CuO                     29000   7.99E-01
                        56138   4.63E-01 ----------------------------------------
---------------------------------------- Cyclohex    7.79E-01     1000   1.44E-01
Cncrt6      3.62E+00     1000   6.00E-03 C6H12                    6000   8.56E-01
                         8016   3.80E-01 ----------------------------------------
                        12000   7.90E-02 Ethane      1.25E-03     1000   2.01E-01
                        13000   6.00E-03 C2H6                     6000   7.99E-01
                        14000   2.80E-02 ----------------------------------------
                        20000   6.50E-02 EthylAlc    7.89E-01     1000   1.31E-01
                        22000   2.70E-01 C2H5OH                   6000   5.21E-01
                        25000   7.00E-03                          8016   3.47E-01
                        26000   1.59E-01 ----------------------------------------
---------------------------------------- Ethylene    1.17E-03     1000   1.44E-01

C2H4                     6000   8.56E-01
----------------------------------------
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---------------------------------------- ----------------------------------------
EyeLens     1.10E+00     1000   9.93E-02 Freon13     9.50E-01     6000   1.15E-01
                         6000   1.94E-01 CF3Cl                    9000   5.46E-01
                         7000   5.33E-02                         17000   3.39E-01
                         8016   6.54E-01 ----------------------------------------
---------------------------------------- Freon13B    1.50E+00     6000   8.07E-02
FerrousO    5.70E+00     8016   2.23E-01 CF3Br                    9000   3.83E-01
FeO                     26000   7.77E-01                         35000   5.37E-01
---------------------------------------- ----------------------------------------
FerricOx    5.20E+00     8016   3.01E-01 Freon13I    1.80E+00     6000   6.13E-02
Fe2O3                   26000   6.99E-01 CF3I                     9000   2.91E-01
----------------------------------------                         53000   6.48E-01
Magnetit    5.18E+00     8016   2.76E-01 ----------------------------------------
Fe3O4                   26000   7.24E-01 GalliumA    5.31E+00    31000   4.82E-01
---------------------------------------- GaAs                    33000   5.18E-01
FiberGla    2.54E+00     1000   1.40E-03 ----------------------------------------
FG                       6000   1.59E-01 Glass       2.40E+00     8016   4.60E-01
                         7000   1.36E-02                         11000   9.64E-02
                         8016   3.43E-01                         14000   3.37E-01
                        12000   5.20E-02                         20000   1.07E-01
                        13000   1.27E-01 ----------------------------------------
                        14000   3.04E-01 Heptane     6.84E-01     1000   1.61E-01
---------------------------------------- C7H16                    6000   8.39E-01
Formvar     1.23E+00     1000   7.40E-02 ----------------------------------------
C10H16O5                 6000   5.58E-01 Hexane      6.60E-01     1000   1.64E-01
                         8016   3.68E-01 C6H14                    6000   8.36E-01
---------------------------------------- ----------------------------------------
Freon12     1.12E+00     6000   9.93E-02 HgIodide    6.36E+00    53000   5.59E-01
CF2Cl2                   9000   3.14E-01 HgI2                    80000   4.41E-01
                        17000   5.86E-01 ----------------------------------------
---------------------------------------- LX040       1.89E+00     1000   2.60E-02
Freon12B    1.80E+00     6000   5.72E-02 LX041                    6000   1.86E-01
CF2Br2                   9000   1.81E-01                          7000   3.22E-01
                        35000   7.62E-01                          8016   3.67E-01
----------------------------------------                          9000   9.90E-02

----------------------------------------
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---------------------------------------- ----------------------------------------
LX07        1.89E+00     1000   2.60E-02 LiCO3       2.11E+00     3000   1.88E-01
                         6000   1.78E-01                          6000   1.63E-01
                         7000   3.40E-01                          8016   6.50E-01
                         8016   3.89E-01 ----------------------------------------
                         9000   6.70E-02 LiH         8.20E-01     1000   1.27E-01
----------------------------------------                          3000   8.73E-01
LX09        1.89E+00     1000   2.80E-02 ----------------------------------------
                         6000   1.72E-01 LiD         8.10E-01     1002   2.49E-01
                         7000   3.63E-01                          3000   7.51E-01
                         8016   4.14E-01 ----------------------------------------
                         9000   3.00E-03 Li6H        6.80E-01     1000   1.42E-01
----------------------------------------                          3006   8.58E-01
LX10        1.89E+00     1000   2.70E-02 ----------------------------------------
                         6000   1.69E-01 Li7H        8.27E-01     1000   1.26E-01
                         7000   3.59E-01                          3007   8.74E-01
                         8016   4.11E-01 ----------------------------------------
                         9000   3.40E-02 LiF         2.64E+00     3000   2.68E-01
----------------------------------------                          9000   7.32E-01
PBX9404     1.89E+00     1000   2.80E-02 ----------------------------------------
PBX9409                  6000   1.68E-01 LiI         3.49E+00     3000   5.19E-02
                         7000   3.60E-01                         53000   9.48E-01
                         8016   4.30E-01 ----------------------------------------
                        15000   3.00E-03 Li2O        2.01E+00     3000   4.65E-01
                        17000   1.10E-02                          8016   5.35E-01
---------------------------------------- ----------------------------------------
MockHE      1.89E+00     1000   3.40E-02 Lucite      1.18E+00     1000   8.00E-02
                         6000   3.13E-01 Perspex                  6000   6.00E-01
                         7000   3.08E-01 C5H8O2                   8016   3.20E-01
                         8016   3.45E-01 ----------------------------------------
---------------------------------------- MgCO3       2.96E+00     6000   1.42E-01
Lexan       1.20E+00     1000   5.50E-02                          8016   5.69E-01
C16H14O3                 6000   7.56E-01                         12000   2.88E-01
                         8016   1.89E-01 ----------------------------------------
---------------------------------------- MgF2        3.00E+00     9000   6.10E-01

                        12000   3.90E-01
----------------------------------------
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---------------------------------------- ----------------------------------------
MgOxide     3.58E+00     8016   3.97E-01 Paraffin    9.30E-01     1000   1.49E-01
MgO                     12000   6.03E-01 C25H52                   6000   8.51E-01
---------------------------------------- ----------------------------------------
Methane     6.67E-04     1000   2.51E-01 Paryl-C     1.00E+00     1000   3.50E-02
CH4                      6000   7.49E-01 C4H3Cl                   6000   5.55E-01
----------------------------------------                         17000   4.10E-01
Methanol    7.91E-01     1000   1.26E-01 ----------------------------------------
CH3OH                    6000   3.75E-01 Paryl-N     1.11E+00     1000   1.29E-01
                         8016   4.99E-01 C8H8                     6000   8.71E-01
---------------------------------------- ----------------------------------------
Mylar       1.40E+00     1000   4.20E-02 Pentane     6.26E-01     1000   1.68E-01
C10H8O4                  6000   6.25E-01 C5H12                    6000   8.32E-01
                         8016   3.33E-01 ----------------------------------------
---------------------------------------- Polyethy    9.40E-01     1000   1.44E-01
Napthale    1.14E+00     1000   6.29E-02 CH2                      6000   8.56E-01
C10H8                    6000   9.37E-01 ----------------------------------------
---------------------------------------- Polyform    1.42E+00     1000   6.70E-02
NiOxide     6.67E+00     8016   2.14E-01 CH2O                     6000   4.00E-01
NiO                     28000   7.86E-01                          8016   5.33E-01
---------------------------------------- ----------------------------------------
Nitroben    1.20E+00     1000   4.09E-02 Polyprop    9.00E-01     1000   1.23E-01
C6H5NO2                  6000   5.85E-01 C3H6                     6000   8.77E-01
                         7000   1.14E-01 ----------------------------------------
                         8016   2.60E-01 Polystyr    1.06E+00     1000   7.70E-02
---------------------------------------- CH                       6000   9.23E-01
N2O         1.83E-03     7000   6.37E-01 ----------------------------------------
                         8016   3.63E-01 PVA         1.19E+00     1000   7.00E-02
---------------------------------------- C2H3O                    6000   5.58E-01
Octane      7.03E-01     1000   1.59E-01                          8016   3.72E-01
C8H18                    6000   8.41E-01 ----------------------------------------
---------------------------------------- PVB         1.12E+00     1000   9.16E-02
Oy          1.89E+01    92235   9.32E-01 C8H13O2                  6000   6.82E-01
Oralloy                 92238   6.80E-02                          8016   2.27E-01
---------------------------------------- ----------------------------------------
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---------------------------------------- ----------------------------------------
PVC         1.30E+00     1000   4.80E-02 K2O         2.32E+00     8016   1.70E-01
C2H3Cl                   6000   3.84E-01                         19000   8.30E-01
                        17000   5.68E-01 ----------------------------------------
---------------------------------------- Propane     1.88E-03     1000   1.83E-01
PVF         1.76E+00     1000   3.15E-02 C3H8                     6000   8.17E-01
C2H2F2                   6000   3.75E-01 ----------------------------------------
                         9000   5.93E-01 Pyridine    9.82E-01     1000   6.37E-02
---------------------------------------- C5H5N                    6000   7.59E-01
Pyrex       2.23E+00     5000   4.00E-02                          7000   1.77E-01
Corn7740                 8016   5.40E-01 ----------------------------------------
                        11023   2.82E-02 SiO2        2.32E+00     8016   5.33E-01
                        13027   1.16E-02 Quartz                  14000   4.67E-01
                        14000   3.77E-01 ----------------------------------------
                        19000   3.30E-03 Rubber1     9.20E-01     1000   1.44E-01
---------------------------------------- C4H8                     6000   8.56E-01
Scintill    1.03E+00     1000   8.50E-02 ----------------------------------------
NE110                    6000   9.15E-01 Rubber2     9.20E-01     1000   1.18E-01
NE111 C5H8                     6000   8.82E-01
NE113 ----------------------------------------
NE114 Rubber3     1.23E+00     1000   5.69E-02
PilotB C4H5Cl                   6000   5.43E-01
PilotF                         17000   4.00E-01
PilotU ----------------------------------------
PilotY SilverBr    6.47E+00    35000   4.26E-01
---------------------------------------- AgBr                    47000   5.75E-01
Teflon      2.20E+00     6000   2.40E-01 ----------------------------------------
CF2                      9000   7.60E-01 SilverCl    5.56E+00    17000   2.47E-01
---------------------------------------- AgCl                    47000   7.53E-01
Saran       1.68E+00     1000   2.10E-02 ----------------------------------------
C2H2Cl2                  6000   2.48E-01 SilverI     6.01E+00    47000   4.60E-01
                        17000   7.31E-01 AgI                     53000   5.40E-01
---------------------------------------- ----------------------------------------
KI          3.13E+00    19000   2.35E-01 Na2CO3      2.53E+00     6000   1.13E-01
                        53000   7.65E-01                          8016   4.53E-01
----------------------------------------                         11000   4.34E-01

----------------------------------------
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SodiumI     3.67E+00    11000   1.53E-01 D2O         1.11E+00     1002   2.01E-01
NaI                     53000   8.47E-01 Hvywater                 8016   7.99E-01
---------------------------------------- ----------------------------------------
Na2O        2.27E+00     8016   2.58E-01 Xylene      8.70E-01     1000   9.49E-02
                        11000   7.42E-01 C8H10                    6000   9.05E-01
---------------------------------------- ----------------------------------------
NaNO3       2.26E+00     7000   1.65E-01 ZrH         5.61E+00     1000   1.10E-02
                         8016   5.65E-01                         40000   9.89E-01
                        11000   2.71E-01 ----------------------------------------
---------------------------------------- UO2         1.00E+01     8016   1.18E-01
Steel       7.78E+00     6000   4.00E-04                         92000   8.82E-01
SS304                   14000   4.60E-03 ----------------------------------------
                        24000   1.90E-01 U233O2      1.00E+01     8016   1.21E-01
                        25000   9.00E-03                         92233   8.79E-01
                        26000   6.99E-01 ----------------------------------------
                        28000   9.70E-02 U234O2      1.00E+01     8016   1.20E-01
----------------------------------------                         92234   8.80E-01
Stilbene    9.71E-01     1000   6.71E-02 ----------------------------------------
C14H12                   6000   9.33E-01 U235O2      1.00E+01     8016   1.20E-01
----------------------------------------                         92235   8.80E-01
Terpheny    1.23E+00     1000   4.45E-02 ----------------------------------------
C18H10                   6000   9.56E-01 U236O2      1.00E+01     8016   1.19E-01
----------------------------------------                         92236   8.81E-01
TiO2        4.26E+00     8016   4.01E-01 ----------------------------------------
                        22000   5.99E-01 U237O2      1.00E+01     8016   1.19E-01
----------------------------------------                         92237   8.81E-01
Toluene     8.67E-01     1000   8.75E-02 ----------------------------------------
C7H8                     6000   9.13E-01 U238O2      1.00E+01     8016   1.19E-01
----------------------------------------                         92238   8.81E-01
WF6         2.40E+00     9000   3.83E-01 ----------------------------------------
                        74000   6.17E-01 U239O2      1.00E+01     8016   1.18E-01
----------------------------------------                         92239   8.82E-01
Water       9.98E-01     1000   1.12E-01 ----------------------------------------
H2O                      8016   8.88E-01 U240O2      1.00E+01     8016   1.18E-01
----------------------------------------                         92240   8.82E-01

----------------------------------------
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----------------------------------------
D38         1.89E+01    92235   7.00E-03
Tuballoy                92238   9.93E-01
----------------------------------------
binary      1.74E+01    41000   6.40E-02
                        92000   9.36E-01
----------------------------------------
c*3         1.00E+38        2   1.00E+00
----------------------------------------
c*9         1.00E+38        3   1.00E+00
----------------------------------------
abs*e       1.00E+38        4   1.00E+00
----------------------------------------
c*e         1.00E+38        5   1.00E+00
----------------------------------------
res*abs     1.00E+38        6   1.00E+00
----------------------------------------
mat7        1.00E+38        7   1.00E+00
----------------------------------------
mat8        1.00E+38        8   1.00E+00
----------------------------------------
mat9        1.00E+38        9   1.00E+00
----------------------------------------
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1801 1 Am 35 B11 3
1901 1 Am241 36 B2O3 40
1902 1 Am242 36 B4C 40
4809 3 Am243 36 BCarbide 40
6912 3 Amber 38 BOxide 40
(Be) 3 Ar40 5 Ba 21
(BeO) 3 Argon 5 Ba130 21
(C) 2 Ameri241 36 Ba132 22
(D.D2O) 1 Ameri242 36 Ba134 22
(C6H6) 1 Ameri243 36 Ba135 22
(H.CH2) 1 Americiu 35 Ba136 22
(H.H2O) 1 Ammonia 38 Ba137 22
(H.ZrH) 1 Aniline 38 Ba138 22
(O.UO2) 4 Anthrace 39 BaF2 39
(Zr.ZrH) 15 Antim121 19 BaFluori 39
(A-150) 37 Antim123 19 BaSO4 39
Ac 33 Antimony 19 BaSulfat 39
Acetone 38 Ar 6 Bakelite 39
Acetylen 38 Ar36 6 Bariu130 21
Actinium 33 Ar38 7 Bariu132 22
Adenine 38 Ar40 7 Bariu134 22
Ag 17 Argon 6 Bariu135 22
Ag107 17 Argon36 6 Bariu136 22
Ag109 17 Argon38 7 Bariu137 22
AgBr 52 Argon40 7 Bariu138 22
AgCl 52 Arseni75 12 Barium 21
AgI 52 Arsenic 12 BariumFl 39
Air 38 As 12 BariumSu 39
AirEq 40 As75 12 Be 2
Al 4 Astatine 33 Be10 2
Al27 4 At 33 Be7 2
Al2O3 38 Au 31 Be9 2
AlOxide 38 Au197 31 BeO 39
Alanine 38 B 3 BeOxide 39
Alumin27 5 B-100 39 Benzene 39
Aluminum 5 B10 3 Berke249 37
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Berkeliu 36 C16H14O3 47  C8H18 49
Beryll10 2 C18H10 53  C8H8 50
Berylli9 2 C25H52 50  CAB 41
Berylliu 2 C2H2 38  CCl4 41
Bi 32 C2H2Cl2 51  CF2 51
Bi209 33  C2H2F2 51  CF2Br2 45
Bismu209 33  C2H3Cl 50  CF2Cl2 45
Bismuth 32  C2H3O 50  CF3Br 46
Bk 36 C2H4 44  CF3Cl 46
Bk249 37  C2H5OH 44  CF3I 46
Blood 40  C2H6 44  CH 50
BoneEq 39  C3H6 50  CH2 50
Boron 3  C3H6O 38  CH2O 50
Boron10 3  C3H7NO2 38  CH3OH 49
Boron11 3  C3H8 52 CH4 49
BoronCar 40 C43H38O7 39 CO2 41
BoronOxi 40  C4H10 40 Ca 7
Br 12  C4H3Cl 50 Ca40 7
Br79 13  C4H5Cl 52 Ca42 7
Br81 13  C4H8 52 Ca43 7
Bromin79 13  C4H9OH 40 Ca44 7
Bromin81 13  C5H12 50 Ca46 7
Bromine 12 C5H5N 52 Ca48 8
Butane 40  C5H5N5 38 CaCO3 41
ButylAlc 40  C5H8 52 CaF2 41
C 3  C5H8O2 48 CaO 41
C-552 40 C6H10O5 41 CaSO4 41
C10H16O 38 C6H12 44 CaWO4 41
C10H16O5 45  C6H14 46 Cadmi106 17
C10H8 49  C6H5NH2 38 Cadmi108 17
C10H8O4 49  C6H5NO2 49 Cadmi110 18
C12 3  C6H6 39 Cadmi111 18
C13 3  C7H16 46 Cadmi112 18
C14H10 39  C7H8 53 Cadmi113 18
C14H12 53  C8H10 54 Cadmi114 18
C15H22O8 41  C8H13O2 50 Cadmi116 18
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Cadmium 17 Ceriu142 23 Cncrt7 44
Calciu40 7 Cerium 22 Co 10
Calciu42 7 Cesiu133 21 Co59 10
Calciu43 7 Cesium 21 Cobalt 10
Calciu44 7 CesiumFl 42 Cobalt59 10
Calciu46 7 Cf 37 Copper 10
Calciu48 8 Cf249 37 Copper63 10
Calcium 7 Cf250 37 Copper65 10
Calif249 37 Cf251 37 Corn7740 51
Calif250     37 Cf252 37 Cr 9
Calif251 37 ChCl3 42 Cr2O3 44
Calif252 37 Chlori35 6 Cr50 9
Californ 37 Chlori37 6 Cr52 9
Carbon 3 Chlorine 6 Cr53 9
Carbon12 3 Chlorofo    42 Cr54 9
Carbon13 3 Chromi50 9 CrOxide 44
Cd 17 Chromi52 9 Cs 21
Cd106 17 Chromi53 9 Cs133 21
Cd108 17 Chromi54 9 CsF 42
Cd110 18 Chromium 9 CsFluori 42
Cd111 18 Cl 6 CsI 42
Cd112 18 Cl35 6 CsIodide 42
Cd113 18 Cl37 6 Cu 10
Cd114 18 Cm 36 Cu63 10
Cd116 18 Cm242 36 Cu65 10
CdTe 40 Cm243 36 CuI 44
CdWO4 41 Cm244 36 CuIodide 44
Ce 22 Cm245 36 CuO 44
Ce136 22 Cm246 36 CuOxide 44
Ce138 22 Cm247 36 Curiu242 36
Ce140 23 Cm248 36 Curiu243 36
Ce142 23 Cncrt1 42 Curiu244 36
Cellopha 41 Cncrt2 42 Curiu245 36
Ceriu136 22 Cncrt3 43 Curiu246 36
Ceriu138 22 Cncrt4 43 Curiu247 36
Ceriu140 23 Cncrt6 43 Curiu248 36
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Curium 36 Erbium 27 Freon12B 45
Cyclohex 44 Es 37 Freon13 46
D 1 Ethane 44 Freon13B 46
D2O 54 EthylAlc 44 Freon13I 46
D38 43 Ethylene 44 Ga 11
Deuteriu 1 Eu 24 Ga69 11
Dy 25 Eu151 24 Ga71 11
Dy156 25 Eu153 24 GaAs 46
Dy158 26 Europ151 24  Gadol152 25
Dy160 26 Europ153 24 Gadol154   25
Dy161 26 Europium 24 Gadol155   25
Dy162 26 EyeLens 45 Gadol156   25
Dy163 26  F 4 Gadol157   25
Dy164 26 F19 4 Gadol158     25
Dyspr156 25 FF 37 Gadol160   25
Dyspr158 26 FG 45 Gadolini  25
Dyspr160 26 Fe 9 Galium 11
Dyspr161 26 Fe2O3 45  Galium69 11
Dyspr162 26 Fe3O4 45 Galium71 11
Dyspr163 26 Fe54 9 GalliumA   46
Dyspr164 26 Fe56 9 Gd 25
Dysprosi 25 Fe57 9 Gd152 25
Einstein 37 Fe58 9 Gd154 25
Er 26 FeO 45 Gd155 25
Er162 26 Fermium 37 Gd156 25
Er164 26 FerricOx 45 Gd157 25
Er166 26 FerrousO 45 Gd158 25
Er167 27 FiberGla 45 Gd160 25
Er168 27 FissionF 37 Ge 11
Er170 27 Fluori19 4 Ge70 11
Erbiu162 26 Fluorine 4 Ge72 11
Erbiu164 26 Fm 37 Ge73 11
Erbiu166 26 Formvar 45 Ge74 12
Erbiu167 27  Fr 33 Ge76 12
Erbiu168 27 Francium 33 German70 11
Erbiu170 27 Freon12 45 German72 11
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German73 11 Hg198 31 Iron57 9
German74 12 Hg200 31 Iron58 9
German76 12 Hg201 32 Isobutan 40
Germaniu 11 Hg202 32  K 7
Glass 46 Hg204 32 K2O 52
Gold 31 HgI2 46  K39 7
Gold197 31 HgIodide 46 K40 7
H 1 Ho 26 K41 7
H1 1 Ho165 26 KI 51
H2 1 Holmi165 26 Kr 13
H2O 53 Holmium 26 Kr78 13
H3 2 Hvywater 54  Kr80 13
Hafni174 28 Hydrogen 1  Kr82 13
Hafni176 28 Hydroge1 1  Kr83 13
Hafni177 28 Hydroge2 1  Kr84 13
Hafni178 28 Hydroge3 2  Kr86 13
Hafni179 28 I 20  Krypto78 13
Hafni180 28 I127 20 Krypto80 13
Hafnium 28 In 18 Krypto82 13
He 2  In113 18 Krypto83 13
He3 2  In115 18 Krypto84 13
He4 2 Indiu113 18 Krypto86 13
Helium 2 Indiu115 18  Lead208 26
Helium3 2 Krypton 10
Helium4 2 Indium 18 LLNL.con 42
Heptane 46 Iodin127 20 LX09 47
Hexane 46  Iodine 20  LX040 46
Hf 28  Ir 30  LX041 46
Hf174 28  Ir191 30  LX07 47
Hf176 28  Ir193 30  LX10 47
Hf177 28 Iridi191 30  Li7H 38
Hf178 28 Iridi193 30  La 22
Hf179 28 Iridium 30  La138 22
Hf180 28  Iron 9  La139 22
Hg 31  Iron54 9  Lanth138 22
Hg196 31  Iron56 9 Lanth139 22
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Lanthanu 22 Mercu196 31  Molybden 15
Lead 32  Mercu198 31  Mylar 49
Lead204 32  Mercu199 31  N 3
Lead206 32  Mercu200 31  N14 4
Lead207 32  Mercu201 32 N15 4
Lead208 32  Mercu202 32 N2O 49
Lexan 47  Mercu204 32 NE110 51
Li 2  Mercury 31 NE111 51
Li2O 48  Methane 49 NE113 51
Li6 2  Methanol 49 NE114 51
Li6H 48  Mg 5 NH3 38
Li7 2  Mg24 5 Na 5
Li7H 48  Mg25 5 Na23 5
LiCO3 48  Mg26 5 Na2CO3 52
LiD 48  MgCO3 48 Na2O 53
LiF 48  MgF2 48 NaI 53
LiH 48  MgO 49 NaNO3 53
LiI 48  MgOxide 49 Napthale 49
Lithium 2  Mn 9 Nb 15
Lithium6 2  Mn55 9 Nb93 15
Lithium7 2  Mo 15 Nd 23
Lu 28  Mo100 15 Nd142 23
Lu175 28  Mo92 15 Nd143 23
Lu176 28  Mo94 15 Nd144 23
Lucite 48  Mo95 15 Nd145 23
Lutet175 28  Mo96 15 Nd146 23
Lutet176 28  Mo97 15 Nd148 23
Lutetium 28  Mo98 15 Nd150 23
MFE.con 43  MockHE 47 Ne 4
Magnes24 5  Molyb100 15 Ne20 4
Magnes25 5  Molybd92 15 Ne21 4
Magnes26 5  Molybd94 15 Ne22 5
Magnesiu 5  Molybd95 15 Neody142 23
Magnetit 45  Molybd96 15 Neody143 23
Mangan55 9  Molybd97 15 Neody144 23
Manganes 9  Molybd98 15 Neody145 23
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Neody146 23 Np237 35 PVC 51
Neody148 23 Np238 35 PVF 51
 Neody150 23 O 4 Pa 33
 Neodymiu 23 O16 4 Pa233 34
Neon 4 O17 4 Palla102 17
 Neon20 4 O18 4 Palla104 17
Neon21 4 ORNL.con 42 Palla105 17
Neon22 5 Octane 49 Palla106 17
 Neptu235 34 Oralloy 49 Palla108 17
 Neptu236 35 Os 29  Palla110 17
 Neptu237 35 Os184 30 Palladiu 16
Neptu238 35 Os186 30 Paraffin 50
 Neptuniu 34 Os187 30  Paryl-C 50
Ni 10 Os188 30  Paryl-N 50
Ni58 10 Os189 30  Pb 32
Ni60 10 Os190 30  Pb204 32
Ni61 10 Os192 30  Pb206 32
Ni62 10 Osmiu184 30  Pb207 32
Ni64 10 Osmiu186 30  Pb208 32
NiO 49 Osmiu187 30  Pd 16
NiOxide 49 Osmiu188 30  Pd102 17
Nickel 10 Osmiu189 30  Pd104 17
Nickel58 10 Osmiu190 30  Pd105 17
Nickel60 10 Osmiu192 30 Pd106 17
Nickel61 10 Osmium 29  Pd108 17
Nickel62 10 Oxygen 4  Pd110 17
Nickel64 10 Oxygen16 4  Pentane 50
Niobiu93 15 Oxygen17 4  Perspex 48
Niobium 15 Oxygen18 4  Phosph31 6
Nitroben 49 Oy 49  Phosphor 6
Nitrog14 4 P 6  PilotB 51
Nitrog15 4 P31 6  PilotF 51
Nitrogen 3 PBX9404 47  PilotU 51
Np 34 PBX9409 47  PilotY 51
Np235 34 PVA 50  Plati190 30
Np236 35 PVB 50  Plati192 31
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Plati194 31 Pt195 31  Ru96 16
Plati195 31  Pt196 31  Ru98 16
Plati196 31 Pt198 31  Ru99 16
Plati198 31  Pu 35  Rubber1 52
Platinum 30  Pu237 35  Rubber2 52
Pluto237 35  Pu238 35  Rubber3 52
Pluto238 35  Pu239 35  Rubidi85 13
Pluto239 35  Pu240 35  Rubidi87 13
Pluto240 35  Pu241 35  Rubidium 13
Pluto241 35  Pu242 35  Ruthe100 16
Pluto242 35 Pu243 35  Ruthe101 16
Pluto243 35  Pyrex 51  Ruthe102 16
Plutoniu 35  Pyridine 52  Ruthe104 16
Pm 24  Quartz 52  Ruthen96 16
Po 33  Ra 33  Ruthen98 16
Polonium 33  Radium 33  Ruthen99 16
Polyethy   50  Radon 33  Rutheniu 16
Polyform   50  Rb 13 S 6
Polyprop 50  Rb85 13 S32 6
Polystyr 50  Rb87 13 S33 6
Potass39 7  Re 29  S34 6
Potass40 7  Re185 29  SS304 53
Potass41 7  Re187 29 Samar144 24
Potassiu 7  Rh 16  Samar147 24
Pr 23  Rh103 16 Samar148 24
Pr141 23  Rheni185 29  Samar149 24
Prase141 23  Rheni187 29  Samar150 24
Praseody 23  Rhenium 29  Samar152 24
Promethi 24  Rhodi103 16  Samar154 24
Propane 52  Rhodium 16  Samarium 24
Prota233   34  Rn 33  Saran 51
Protacti    33  Ru 16  Sb 19
Pt 30  Ru100 16  Sb121 19
Pt190 30  Ru101 16  Sb123 19
Pt192 31  Ru102 16  Sc 8
Pt194 31  Ru104 16 Sc45 8
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Scandi45 8 Sm149 24 Ta180 29
Scandium 8  Sm150 24 Ta181 29
Scintill 51  Sm152 24  Tanta180 29
Se 12  Sm154 24  Tanta181 29
Se74 12  Sn 18 Tantalum 28
Se76 12  Sn112 18 Tb 25
Se77 12  Sn114 18 Tb159 25
Se78 12  Sn115 19 Tc 16
Se80 12  Sn116 19 Te 19
Se82 12  Sn117 19 Te120 20
Seleni74 12  Sn118 19 Te122 20
Seleni76 12  Sn119 19 Te123 20
Seleni77 12  Sn120 19 Te124 20
Seleni78 12 Sn122 19 Te125 20
Seleni80 12 Sn124 19 Te126 20
Seleni82 12 Sodium 5 Te128 20
Selenium 12 Sodium23 5 Te130 20
Si 5  SodiumI 53 Techneti 16
Si28 5 Sr 14 Teflon 51
Si29 5  Sr84 14 Tellu120 20
Si30 6  Sr86 14 Tellu122 20
SiO2 52  Sr87 14 Tellu123 20
Silico28 5  Sr88 14 Tellu124 20
Silico29 5  Steel 53 Tellu125 20
Silico30 6  Stilbene 53 Tellu126 20
Silicon 5  Stront84 14 Tellu128 20
Silve107 17  Stront86 14 Tellu130 20
Silve109 17 Stront87 14 Telluriu 19
Silver 17 Stront88 14 Terbi159 25
SilverBr 52 Strontiu 14 Terbium 25
SilverCl 52  Sulfur 6 Terpheny 53
SilverI 52  Sulfur32 6 Th 33
 Sm 24 Sulfur33 6 Th231 33
 Sm144 24 Sulfur34 6 Th232 33
 Sm147 24 T 2 Th233 33
 Sm148 24 Ta 28 Thall203 32
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Thall205 32  Tm 27 Urani240 34
Thallium 32  Tm169 27 Uranium 34
Thori231 33  Toluene 53 V 8
Thori232 33  Tritium 2 V50 8
Thori233 33  Tuballoy 43 V51 8
Thorium 33  Tungs180 29 Vanadi50 8
Thuli169 27  Tungs182 29 Vanadi51 8
Thulium 27  Tungs183 29 Vanadium 8
Ti 8  Tungs184 29 W 29
Ti46 8  Tungs186 29 W180 29
Ti47 8  Tungsten 29 W182 29
Ti48 8  U 34 W183 29
Ti49 8  U233 34 W184 29
Ti50 8  U233O2 54 W186 29
TiO2 53  U234 34 WF6 53
Tin 18  U234O2 54 Water 53
Tin112 18  U235 34 Xe 20
Tin114 18  U235O2 54 Xe124 20
Tin115 19  U236 34 Xe126 21
Tin116 19  U236O2 54 Xe128 21
Tin117 19  U237 34 Xe129 21
Tin118 19  U237O2 54 Xe130 21
Tin119 19  U238 34 Xe131 21
Tin120 19  U238O2 54 Xe132 21
Tin122 19  U239 34 Xe134 21
Tin124 19  U239O2 54 Xe136 21
TissueEq 37  U240 34 Xenon 20
Titani46 8  U240O2 54 Xenon124 20
Titani47 8  UO2 54 Xenon126 21
Titani48 8 Urani233 34 Xenon128 21
Titani49 8 Urani234 34 Xenon129 21
Titani50 8 Urani235 34 Xenon130 21
Titanium 8 Urani236 34 Xenon131 21
Tl 32 Urani237 34 Xenon132 21
Tl203 32 Urani238 34 Xenon134 21
Tl205 32 Urani239 34 Xenon136 21
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  1/19/02      1134 entries                      Page 65

 Alphabetical listing
Material Page Material Page
---------- ------- ------------ --------
Xylene 54 Zn67 11
Y 14 Zn68 11
Y89 14  Zn70 11
Yb 27  Zr 14
Yb168 27 Zr90 14
Yb170 27 Zr91 14
Yb171 27 Zr92 14
Yb172 27 Zr94 14
Yb173 27 Zr96 15
Yb174 27 ZrH 54
Yb176 28 abs*e 55
Ytter168 27  binary 55
Ytter170 27  c*3 55
Ytter171 27  c*9 55
Ytter172 27  c*e 55
Ytter173 27  mat7 55
Ytter174 27  mat8 55
Ytter176 28  mat9 55
Ytterbiu 27  res*abs 55
Yttriu89 14
Yttrium 14
Zinc 10
Zinc64 11
Zinc66 11
Zinc67 11
Zinc68 11
Zinc70 11
Zircon90 14
Zircon91 14
Zircon92 14
Zircon94 14
Zircon96 15
Zirconiu 14
Zn 10
Zn64 11
Zn66 11
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COG EPDL Photon Library Listing
The following elements are available in the COG standard photon library, EPDL,
listed by Z.

xs001
xs002
xs003
xs004
xs005
xs006
xs007
xs008
xs009
xs010
xs011
xs012
xs013
xs014
xs015
xs016
xs017
xs018
xs019
xs020
xs021
xs022
xs023
xs024
xs025
xs026
xs027
xs028
xs029
xs030
xs031
xs032
xs033
xs034
xs035

xs036
xs037
xs038
xs039
xs040
xs041
xs042
xs043
xs044
xs045
xs046
xs047
xs048
xs049
xs050
xs051
xs052
xs053
xs054
xs055
xs056
xs057
xs058
xs059
xs060
xs061
xs062
xs063
xs064
xs065
xs066
xs067
xs068
xs069
xs070
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xs071
xs072
xs073
xs074
xs075
xs076
xs077
xs078
xs079
xs080
xs081
xs082
xs083
xs084
xs085

xs086
xs087
xs088
xs089
xs090
xs091
xs092
xs093
xs094
xs095
xs096
xs097
xs098
xs099
xs100
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COG ENDFB6R7 Neutron Library Listing
 The following isotopes are available in the COG ENDFB6R7 neutron library, listed
by ZA number.

ENDFB6R7 -- 307 isotopes

        1001       32074       44101       52129       62144       77193

        1002       32076       44102       52130       62147       79197

        1003       33075       44103       52132       62148       82206

        2003       34074       44104       53127       62149       82207

        2004       34076       44105       53129       62150       82208

        3006       34077       44106       53130       62151       83209

        3007       34078       45103       53131       62152       90230

        4009       34080       45105       53135       62153       90232

        5010       34082       46102       54124       62154       91231

        5011       35079       46104       54126       63151       91233

        6000       35081       46105       54128       63152       92232

        7014       36078       46106       54129       63153       92233

        7015       36080       46107       54130       63154       92234

        8016       36082       46108       54131       63155       92235

        8017       36083       46110       54132       63156       92236

        9019       36084       47107       54133       63157       92237

       11023       36085       47109       54134       64152       92238

       12000       36086       47111       54135       64154       93237

       13027       37085       48106       54136       64155       93238

       14000       37086       48108       55133       64156       93239

       14028       37087       48110       55134       64157       94236

       14029       38084       48111       55135       64158       94237

       14030       38086       48112       55136       64160       94238

       15031       38087       48113       55137       65159       94239

       16000       38088       48114       56134       65160       94240

       16032       38089       48115       56135       66160       94241
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       17000       38090       48116       56136       66161       94242

       19000       39089       49000       56137       66162       94243

       20000       39090       49113       56138       66163       94244

       21045       39091       50112       56140       66164       95241

       22000       40000       50114       57139       67165       95242

       23000       40090       50115       57140       68166       95243

       24050       40091       50116       58140       68167       96241

       24052       40092       50117       58141       71175       96242

       24053       40093       50118       58142       71176       96243

       24054       40094       50119       58143       72000       96244

       25055       40095       50123       58144       72174       96245

       26054       40096       50125       59141       72176       96246

       26056       41093       50126       59142       72177       96247

       26057       41094       51121       59143       72178       96248

       26058       41095       51123       60142       72179       97249

       27059       42000       51124       60143       72180       98249

       28058       42094       51125       60144       73181       98250

       28060       42095       51126       60145       73182       98251

       28061       42096       52120       60146       74000       98252

       28062       42097       52122       60147       74182       98253

       28064       42099       52123       60148       74183       99253

       29063       43099       52124       60150       74184

       29065       44096       52125       61147       74186

       31000       44098       52126       61148       75185

       32072       44099       52127       61149       75187

       32073       44100       52128       61151       77191
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COG ENDL90 Neutron Library Listing
 The following isotopes are available in the COG ENDL90 and RED2002 neutron
libraries, listed by ZA number.

ENDL90 & RED2002 -- 108 isotopes

        1001       11023       29000       54134       91233       94242

        1002       12000       30000       56138       92233       94243

        1003       13027       31000       63000       92234       95241

        2003       14000       33074       64000       92235       95242

        2004       15031       33075       67165       92236       95243

        3006       16032       39088       72000       92237       96242

        3007       17000       39089       73181       92238       96243

        4007       18000       40000       74000       92239       96244

        4009       19000       41093       75185       92240       96245

        5010       20000       42000       75187       93235       96246

        5011       22000       47107       78000       93236       96247

        6012       23051       47109       79197       93237       96248

        6013       24000       48000       80000       93238       97249

        7014       25055       49000       82000       94237       98249

        7015       26000       50000       83209       94238       98250

        8016       27059       51000       90231       94239       98251

        9019       28000       53127       90232       94240       98252

       10020      28058       54000       90233       94241       99125
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COG ACTL92 Neutron Activation Library Listing
 The following isotopes are available in the COG ACTL92 neutron activation library,
listed by ZA number.

ACTL92 -- 159 isotopes

        1001       16034       26054       36080       50114       73181

        1002       16036       26056       36082       50115       74180

        2003       17035       26057       36083       50116       74182
        3006       17037       26058       36084       50117       74183

        3007       18036       27059       36086       50118       74184

        4009       18038       28058       37085       50119       74186

        5010       18040       28060       37087       50120       75185

        5011       19039       28061       39089       50122       75187

        6012       19041       28062       40090       50124       77191
        6013       20040       28064       40091       51121       77193

        7014       20042       29063       40092       51123       78190

        7015       20043       29065       40094       53127       78192

        8016       20044       30064       40096       55133       78194

        8018       20046       30066       41093       58140       78195

        9019       20048       30067       42092       58142       78196
       10020      21045       30068       42094       59141       78198

       11023      22046       30070       42095       63151       79197

       12024      22047       31069       42096       63153       81203

       12025      22048       31071       42097       67165       81205

       12026      22049       32070       42098       69169       82204

       13027      22050       32072       42100       71175       82206
       14028      23051       32073       45103       72174       82207

       14029      24050       32074       47107       72176       82208

       14030      24052       32076       47109       72177       83209

15031      24053       33075       49113       72178

       16032      24054       35081       49115       72179

       16033      25055       36078       50112       72180
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COG Reaction Number Listing
 This is a list of the reactions that a particle can undergo during COG transport..
Knowledge of the numbers assigned to reactions is generally needed only if the user
wishes to use a Reaction Rate (R-RATE)  Detector Response Function, or uses the
WALK-REACTION random walk modification.

Reaction Number
------------------------ ----------
elastic 10
n,n'g 11
n,2ng 12
n,3ng 13
n,4ng 14
n,fission 15
n,X 16
n,3npg 17
n,n2pg 18
n,n'pg 20
n,pn'g 21
n,n'dg 22
n,n'dag 23
n,n'tg 24
n,n'He3g 25
n,n'ag 26
n,n'2ag 27
n,n'tag 28
n,2npg 29
n,gna 30
n,2npag 31
n,2ndg 32
n,2n'ag 33
n,npag 34
n,nda 35
n,2ag 37
n,aHe3g 38
n,ptg 39
n,pg 40
n,dg 41
g,np 81
g,n2a 88
g,fission 89

Reaction Number
------------------------ ----------
n,tg 42
n,tag 43
n,He3g 44
n,ag 45
n,g 46
n,dag 47
n,pag 48
n,2pag 49
n,Xp 50
n,Xd 51
n,Xt 52
n,XHe3 53
n,Xa 54
n,Xg 55
n,Xn 56
n,Xe 57
n,2pg 67
n,pdg 68
Bremsstrahlung 69
Pair Annihilation 70
Rayleigh 71
Compton 72
Photoelectric 73
Pair Production 74
Triplet Production 75
g,n 76
g,X 77
g,2n 78
g,3n 79
g,na 80
g,Xn 90
g,Xp 91
g,p 92
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A

Accuracy of Results, 391
ACTIVATION Data Block, 365
Activation Photons Overview, 7
ACTL92 Neutron Activation Library Listing, 503
Age of a particle, 300
Age Termination, 296
ANALYSIS Data Block, 21, 281–82, 379
ANALYTIC Surface, 89
Angle Dependence of Source–. see SOURCE:Angle

Dependence
ANNIH–GAMMAS, 39
Arbitrary Volume Source, 183
ASSIGN, 144
ASSIGN Data Blocks, 19, 143–51
ASSIGN Data Blocks, Summary, 149
ASSIGN-D, 145
Assigning

Colors for Plotting, 148
Density to a Sector, 145
Material and Density Factor to a Sector, 144
Material to a Sector, 143
Material, Region, and Density Factor to a Sector, 147
Materials to a List of Sectors, 145
Region Number to a Sector, 146
Region Numbers to a List of Sectors, 147

ASSIGN-M, 143
ASSIGN-MC, 148
ASSIGN-MD, 144
ASSIGN-ML, 145
ASSIGN-R, 146
ASSIGN-RL, 147

B

BASIC Data Block
Definition, 35
Example, 42
Overview, 18
Parameters

ANNIH–GAMMAS, 39
Default Values, 36
DELAYEDNEUTRONS, 40
ELECTRON, 35
EPFILE, 42
MAXFISSION, 41
Miscellaneous Parameters, 37–43
NDUMP, 38
NEUTRON, 35
NEUTRONPRODUCTION, 40

NOFINALRESTART, 38
NOFISSION, 41
Number of Secondary Particles Exiting a

Collision, 40
Particle Type, 35
PHOTON, 35
PHOTON PRODUCTION, 41
PHOTONUCLEAR, 40
PHPFILE, 42
PROTON, 35
Proton Physics Options, 42
RN– Starting Random Number Seeds, 38
TDUMP, 37
TMAX, 37
Units of Distance, Energy, Time, 36
Writing Production Data Files, 42

batchcog, 11
BFIELD Data Block, 22, 408
BINs

DETECTOR
2D, 271
3D, 273
Angle, 270
Double Angle, 271
Energy, 269
Time, 270

SOURCE
Angle

GENERAL, 213
Energy, 194
Standard Double-angle Bins, 214, 268, 272
Time, 202

BOUNDARY
PERIODIC, 102
REFLECTING, 100
VACUUM, 99

Boundary Conditions, 99
BOUNDARY-CROSSING Detector, 243
BOX

Surface, 65
Volume Source, 179

C

CASCADE Energy Source, 188, 253
CENSUS

Detector File Option, 244
Source File Option, 224

Central Limit Theorem, 386
CIRCLE

Line Source, 172
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COG
Background Execution, 10
Batch runs, 11
Data Blocks Overview, 18
Restart a job, 11
Running COG, 10
Summary of Features, 1
Summary of Transported particles and Databases, 3
When to Use COG, 8

COGLEX dictionary, 457
Collision Source, 217–221
Color Table, 149
Compounds and Mixtures, 137–39

Natural isotopes, 137
CONE

Surface, 80
Surface Source, 177
Volume Source, 181

Coordinate Systems
Problem System, 53
Surface Definition System, 53

CORRELATED Source, 160
CRITICALITY

Data Block, 21, 357–64
ENDL Limitation, 363
Example Problem, 443
Results, 379
Results, 360

Cross Section Libraries, 5, 6, 7
ACTL92 Neutron Activation Library Listing, 503
COGLEX dictionary, 457
ENDFB6R7 Neutron Library Listing, 500
ENDL90 Neutron Library Listing, 502
EPDL Photon Library, 498
Reaction Number Listing, 504

Cross Sections
Accuracy, 391
Compounds and Mixtures, 137–39
Data, 132
ENDL Criticality Limitation, 363
Files, 132
Libraries, 129, 132
Missing neutron data, 131
Natural isotopes, 137
Output Files, 384
Plots and Listings, 137, 379
Secondary Neutron Libraries NLIB2 and NLIB3, 134
Uncertainties, 132
Zero cross sections, 131

CYLINDER
Circular Surface, 73
Elliptical Surface, 75
Surface Source, 178
Volume Source, 180

D

Data Blocks
ACTIVATION, 21
ACTIVATION Data Block, 365
ANALYSIS, 21, 281
ASSIGN, 19
BASIC, 18, 35
BASIC (Proton Options), 404
BFIELD (Magnetic Field Sectors), 22, 408
CRITICALITY, 21, 357–64
DETECTOR, 237–80
EGS, 394
END, 20
GEOMETRY, 19, 92–126
I/O, 21, 140
I/O (Proton Options), 410
Introduction to, 16
MIX, 19
Overview, 18
PARALLEL, 369-71
RESTART, 21, 363
SOURCE, 20, 152
Summary of, 27
SURFACES, 49
WALK, 21, 290–356

Default
Density Factor df, 144, 145
FILL, 97, 110
mat-ID#, 143-47
Problem Boundary, 99
reg-ID#, 143-47
Units of Distance, Energy, Time, 36

DEFINE [a Source Dependence]
ANGLE, 204
ENERGY, 184
POSITION, 169
TIME, 196

DEFINE UNIT, 103
DELAYEDNEUTRONS, 40, 357
DELTA Function Source Time Dependence, 198
Density Factor df, 143
det Files, 383
DETECTOR

BINS
2D, 271
3D, 273
Angle, 270
Double Angle, 271
Energy, 269
Time, 270

Boundary-Crossing Type, 243
CENSUS File Option, 244
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COUNTS, 243
CURRENT, 243
Current Density, 243
Data Block, 237–89
IMPORTANCE, 283–88
LISTing Scoring Particles, 269, 275, 385
Lucky Particle Mode, 242, 243, 257
MASKS

Angle, 260
Collision, 261
Double Angle, 260
Energy, 259
Half-Life, 262
Region, 261
Time, 259

Output Units, 240, 242, 274
Particle Counting, 243
Point Type

Defining, 247
General Considerations, 245
Limitations, 246
LIMITing Number of Estimates, 248
Response by Region, 247

Pulse Type, 251–54
Reaction Type, 241
Response

Plots, 378
Response (DRF)

Angle, 266
Double Angle, 267
Energy

Definition, 263
Dose, 263
Dose77, 263
Dose91, 263
Electron Energy Production, 265
Electron Production, 264
Energy Deposition, 264
Energy Flux, 263
Number Flux, 263
Reaction Rate, 264

Time, 266
Results

Accuracy of, 391
Binned, 269
Contribution by Region, 384
Contribution by Scattering Generation, 384
det Files, 384
Differential, 269
Fractional Standard Deviation, 383
Labels for Plotting, 277
Plots, 276, 380
Precision of, 391
Scale-factors for Plotting, 277

Statistics, 385
Ten Largest Contributors, 383

Standard Double-Angle Bins, 214, 268, 272
Types

Boundary-Crossing, 243
Point, 247
Pulse, 251
Reaction, 241
Usrdet, 255
Volume Point, 250

Usrdet Type
Defining, 255
Introduction, 255

Volume Point Type, 250
Dictionary of cross sections, 459
Differential Detector Results, 269
Disclaimer, ii
DISK Surface Source, 173
DISTRIBUTION, Point-Wise Source

Polar Angle, 210
Time, 200

DNEAR Geometry Option, 395
DRF–. see DETECTOR:Response (DRF)

E

EGS Data Block, 396
Electron Transport

Bremsstrahlung photon angular distribution, 397
DNEAR Geometry Option, 395
ECUT, 396
EGS Data Block, 396
ESECTORS, 396
Example, 398
Introduction, 394
Limitations, 397
Overview, 6
PEGSLIB, 396

ELLIPSOID
Surface, 72
Surface Source, 176

Elliptic Paraboloid, EPAR, 84
Elliptical Cone, ECONE, 82
Elliptical Cylinder, ECYL, 75
ENDF/B-VI Library, 129
ENDFB6 Library, 129
ENDFB6R7 Neutron Library Listing, 500
ENDL-90 Library, 129
ENDL90 Neutron Library Listing, 502
Energy Cutoff, 306
Energy Dependence of Source–. see SOURCE:Energy
     Dependence
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EPDL Library, 132
EPDL Photon Library Listing, 498
EPFILE, 42
Error checking

PICTURES, 28
SWEEP, 28

Errors
Checking, 28
Code Physics, 391
Geometry, 121
Geometry, 378
Job Setup, 392
Of Results– FSD, 393
PICTURES, 121
Under Sampling, 387
VOLUME, 123

Example
Alternate Neutron Library, 134
ASSIGN , 148
ASSIGN Error , 151
ASSIGN-D , 145
ASSIGN-M, 144
ASSIGN-MC , 148
ASSIGN-MD, 144
ASSIGN-ML, 145
ASSIGN-R , 146
ASSIGN-RL, 147
BASIC Data Block, 42
Criticality, 443
Electron Transport, 398
Error-checking, 121
FILL, 97
Geometry PICTURE, 114
MIX Data Block, 130
Path Stretching, 336
Reflecting Boundary, 100
Russian Roulette at a Collision, 335
Sample Problem, 29
Scattering Direction Bias, 347
Shielding, 413
SOURCE Examples, 227-35
Splitting at a Boundary, 326
Surfaces

BOX, 65
CONE, 80
CYLINDER, 73
ELLIPSOID, 72
Elliptical Cylinder, ECYL, 75
General Analytic, ANA, 89
HEXAHEDRON, 66
Hyperboloid of One Sheet, HYP1, 76
Parabolic Cylinder, PCYL, 79
PLANE, 60

SPHERE, 71
Surface of Revolution, 88
TETRAHEDRON, 63
TORUS, 86
Translation/Rotation of Surfaces, 53-59

SWEEP, 125
UNIT, 104
USE UNIT, 106
VOLUME, 123

Exponential Transform, 312

F

Fast Photon Physics, 309
Figure-of-Merit, 294
FILE

Source, 156
FILL

Default, 97
Definition, 97
Example, 98

Fission
DELAYEDNEUTRONS, 40
MAXFISSION, 41
NOFISSION, 41
PHOTONUCLEAR, 40

FIXED Source Angle Dependence, 209
FOM–. see Figure-of-Merit
Forced Collision with an Isotope, 310
Forced Collisions, 307
Forced Reaction, 316
Fractional Standard Deviation, 293, 393
FSD–. see Fractional Standard Deviation

G

GAUSSIAN
Energy Source, 189
Time Source, 200

GENERAL Source Angle Bins, 213
GEOMETRY

Boundary Conditions, 99
Concepts, 45
Data Block, 19, 92
Errors, 121
FILL, 97
Introduction to, 47
PICTURES, 111-121
SECTORS, 92-98
SWEEP, 125
UNIT, 104
VOLUME Calculations, 123
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Graphics Files
ps Files, 378
Viewing and Printing, 380

H

HEXAHEDRON, 66
Hyperbolic Cylinder, HCYL, 77
Hyperbolic Paraboloid, HPAR, 85
Hyperboloid of One Sheet, HYP1, 76
Hyperboloid of Two Sheets, HYP2, 83

I

I/O Data Block, 21, 140
Cross Section Plots, 140
Plots, 21

IMPORTANCE
Detector IMPORTANCE, 283-88
Random Walk, 293
Source IMPORTANCE

Angle IMPORTANCEs, 210
Energy IMPORTANCEs, 186
INCREMENT IMPORTANCEs, 165-68
Time IMPORTANCEs, 199

INCREMENT, Source, 162
Input

Bin Data, 25
Comments in Input File, 17
Conventions, 23
END of Input, 20
Error Checking, 28
Histogram Data, 26
Options

Interpolate Values, 154
Interpolate Values, 23
Log Interpolate Values, 155
Repeat Values, 22, 154

Point Sets, 25
Summary of Data Blocks, 27
Units of Distance, Energy, Time, 36

ISOTROPIC Source Angle Dependence, 210

K

Keywords, 16

L

LINE
Energy Source, 186
Position Dependent Source

CIRCLE, 172
Straight LINE, 172

Listing proton cross section data and stopping powers,
410

LISTing Scoring Particles, 275
Low-energy Cutoff, 306
lst Files, 385
Lucky Particle Detection Mode, 161, 242, 243, 257

M

Magnetic Fields in Proton Transport, 403
MASK-. see DETECTOR:MASKS
Material

ATOM-FRACTION, 128
BUNCHES, 128
Color, 148
definitions, 127
Density, 128
Infinite Absorber, 97, 131
mat-ID#, 127
Missing neutron data, 131
Number– mat-ID#, 127
Specified in MIX Data Block, 127
Specifying for Problem, 127
Void, 97, 131
WEIGHT-PERCENT, 128
Zero cross sections, 131

mat-ID# – Material Number, 127
MAXFISSION, 41
MAXWELLian

Energy Source, 191
Mean time to absorption, 454
Mean time to escape, 454
Mean time to fission, 454
MIX Data Block, 19, 127
Monte Carlo

Random Walk–. see Random Walk

N

NDUMP, 38
Neutron

Cross Section Libraries, 5
Delayed Fission, 40
MAXFISSION, 41
NEUTRONPRODUCTION, 41
NOFISSION, 41

NEUTRONPRODUCTION, 41
NLIB2 and NLIB3, 134
NLIB—Neutron Library, 129
NOFINALRESTART, 38
NOFISSION, 41
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NORMAL reference direction, 205
Normalization of Source, 162
NPARTICLES [Number of Source Particles], 156

O

Optical path by region, 453
OR– Union of Sectors, 95
Output Files, 378

Summary, 14
The .det File, 384
The .lst File, 385
The .ps File, 378

P

Parabolic Cylinder, PCYL, 79
Parallel Processing, 11

Criticality Control Modes, 374
Data Block
Introduction, 369
PARALLEL Data Block, 371
Running COG, 375
Setup, 370
Shielding Control Modes, 373
Troubleshooting, 375, 376

PARALLELEPIPED Volume Source, 179
PARALLELOGRAM Surface Source, 173
Particle Types, 3, 35
Path Stretching, 312
PATH, Source Option, 217
Pattern Table, 116
PENTAHEDRON, 64
PERIODIC Boundary, 102
PERSPECTIVE Pictures, 117
Photon

Cross Section Libraries, 5
Fast Photon Physics, 6
PHOTONPRODUCTION, 41

PHOTONUCLEAR, 40
PHPFILE, 42
PICTURE

Color Table, 149
Detecting Overlapping Sectors, 94
Error checking, 28, 121
Example, 114
Geometry Cross Section, 112
Geometry Cross Section, 378
Geometry Perspective, 117, 378
Pattern Table, 116

PLOTMXS, 140
Plots

Collision Sites, 281

Detector Results, 276
PLOTXS, 140
POINT

Reference Direction, 205
POINT Detector

Defining, 247
General Considerations, 245
Limitations, 246
LIMITing Number of Estimates, 248
Response by Region, 248

Polyhedron
BOX, 65
HEXAHEDRON, 66
PENTAHEDRON, 64
TETRAHEDRON, 63

PRINTMXS, 140
PRINTXS, 140
PRISM, 68
Proton Transport

BASIC Data Block Options, 404
BFIELD Data Block, 408
Continuous Slowing Down Approximation, 402
Energy Straggling, 402
Hadronic Collisions, 401
I/O Data Block Options, 410
Introduction, 401
Limitations, 406
Low-Energy Cutoffs, 406
Multiple Small-angle Coulomb Scattering, 402
Overview, 7
Physics Options, 42
Setting up a proton transport problem, 404
Transport in a Magnetic Field, 403

Limitations, 409
Transport Step Size Control, 403

ps Files, 378
PULSE Detector, 251
PULSE Time-Dependent Source, 199
PYRAMID, 69

R

Random Number
RN– Starting Seeds, 38

Random Walk
Figure-of-Merit, 294
IMPORTANCEs, 293
Introduction, 290
Modifications

Age Termination, 300
Fast Photon Physics, 309
Forced Collision with an Isotope, 310
Forced Collisions, 307
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Forced Reaction, 316
Introduction, 290
Low-energy Cutoff, 306
Path Stretching, 312
Scattered Direction Bias, 317
Secondary Particle Control, 311
Specifying, 296
Splitting/Russian Roulette at a Boundary, 301
Splitting/Russian Roulette at a Collision, 303
Splitting/Russian Roulette Based on Weight, 325
Survival Weighting, 323

REFLECTING Boundary, 100
VACUUM Boundary, 99

REACTION Detector, 241
Reaction Number Listing, 504
Reactions

Photonuclear, 40
READSOURCE file, 157
Reference Direction, 313
REFLECTING Boundary, 100
REGION of the Geometry, 146
Reserved Words, 16
Response Function–. see DETECTOR:Response (DRF)
RESTART

A Criticality Job, 363
COG, 11
Data Block, 21
NDUMP, 38
NOFINALRESTART, 38
TDUMP, 37

RETRACE Source Particle Histories, 157
Revolution, Surface of, 87
RN– Starting Random Number Seeds, 38
Running Time, 294
Russian Roulette at a Boundary, 301
Russian Roulette at a Collision, 303
Russian Roulette Based on Weight, 325

S

S(a,b) Cross Sections, 135
Specifying a S(a,b) file, 133

Scattered Direction Bias, 317
Secondary Particle Control, 311
sect-ID#, 48, 50, 92
SECTOR

Bounding Surfaces of, 50
Definition, 92
Equation of, 92
FILL, 97
Infinite Absorber, 97
Name, 92
Number– sect-ID#, 92

OR Operator, 94
PERIODIC Boundary, 102
REFLECTING Boundary, 100
Vacuum Boundary, 99
Void, 97

Shielding
Example Problem, 413

SOURCE
Angle Dependence

Angle Graphics, 207, 379
BINs, 212
DEFINE an Angle Dependence, 205
DISTRIBUTION in Polar Angle, 211
FIXED, 209
GENERAL Angle Bins, 213
IMPORTANCE, 210
ISOTROPIC, 210
Reference Direction

NORMAL, 205
POINT, 205

Standard Double-angle Bins, 214
CENSUS Source File Option, 224
Collision Source, 217
CORRELATED, 160
Data Block, 20, 153
Energy Dependence

BINs, 194
CASCADE, 188, 253
DEFINE an Energy Dependence, 184
Energy Graphics, 184, 379
GAUSSIAN, 189
IMPORTANCE, 186
LINE, 186
MAXWELLian, 191
WATT, 190

Examples, 226
FILE, 156
IMPORTANCE

Angle IMPORTANCES, 210
Energy IMPORTANCEs, 186
INCREMENT IMPORTANCEs, 165
Time IMPORTANCEs, 199

INCREMENT, 162
Normalization of Source, 162
NPARTICLES, 156
Outline of General Source Method, 152
Position Dependence

Line Sources
CIRCLE Line Source, 172
LINE, 172

POINT, 171
Position Graphics, 169
Surface Sources

CONE Surface Source, 177
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CYLINDER Surface Source, 178
DISK Surface Source, 174
ELLIPSOID Surface Source, 176
PARALLELOGRAM Surface Source, 173
SPHERE Surface Source, 175
TRIANGLE Surface Source, 173

Volume Sources
Arbitrary Volume Source, 183
BOX Volume Source, 179
CONE Volume Source, 181
CYLINDER Volume Source, 180
PARALLELEPIPED Volume Source, 179
SPHERE Volume Source, 182

READSOURCE, 157
RETRACE Source Particle Histories, 157
Source-PATH Option, 217-21
Time Dependence

BINs, 202
DEFINE a Time Dependence, 196
DELTA Function, 198
DISTRIBUTION. Point-Wise, 201
GAUSSIAN, 200
IMPORTANCE, 199
PULSE, 199
STEADY State, 203
Time Graphics, 197, 379
WRITESOURCE, 156

USRSOR- User-Defined Source, 222
SOURCE-PATH Option, 217-21
SPHERE

Surface, 71
Surface Source, 175
Volume Source, 182

Splitting at a Boundary, 301
Splitting at a Collision, 303
Splitting Based on Weight, 325
Starting Random Number Seeds– RN, 38
Statistics, 385
STEADY State Time Dependence, 203
Surface Sources–. see SOURCE:Position

Dependence:Surface Sources
SURFACES

Analytic, ANA, 89
Bounding Volumes (Sectors), 92
BOX, 65
Concepts, 45
CONE, 80
CYLINDER, 73
Data Block, 49
ELLIPSOID, 72
Elliptic Paraboloid, EPAR, 84
Elliptical Cone, ECONE, 82
Elliptical Cylinder, ECYL, 75
Finite Limits of, 52

HEXAHEDRON, 66
Hyperbolic Cylinder, HCYL, 77
Hyperbolic Paraboloid, HPAR, 85
Hyperboloid of One Sheet, HYP1, 76
Hyperboloid of Two Sheets, HYP2, 83
Limiting Extent of, 52
Naming, 49
Numbering, 49
Parabolic Cylinder, PCYL, 79
PENTAHEDRON,64
Positive and Negative Sides, 50
PRISM, 68
PYRAMID, 69
Revolution, Surface of, 87
SameAs Feature, 58
Sign of Half-space, 50
SPHERE, 71
TETRAHEDRON, 63
TOPOGRAPHICAL, 91
TORUS, 86

surf-ID#, 48, 49, 92
Survival Weighting, 323
SWEEP, 28, 125

T

TDUMP, 12, 37
TETRAHEDRON, 63
Time Dependence of Source–. see SOURCE:Time

Dependence
Time– Maximum running, 37
TMAX, 37
TOPOGRAPHICAL Surface, 91
TORUS, 86
Translation/Rotation– TR

Of Surfaces, 53
Of UNITS, 105

TRIANGLE Surface Source, 173
TRU– UNIT Transformation, 105

U

Understanding Your COG Run, 377
Union of Sectors -. see OR
UNIT

Contents, 103
Coordinates, 103
DEFINE UNIT Statement, 103
Example, 104
FILL, 110
Nested, 104
Shell Sector, 105
Translation/Rotation– TRU, 105
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unit-ID#, 103, 105
USE UNIT Statement, 105

unit-ID#, 103, 105
Units of Distance, Energy, Time, 36
USRDET Detector

Defining, 255
Introduction, 255

USRSOR- User-Defined Source, 222

V

Vacuum–. see Void
VACUUM Boundary, 99
Void, 97, 131
Void and Infinite-Absorber sectors, 97
VOLUME

Calculations, 123
Collision Volume Source, 217
Example, 123

Volume Element–. see SECTOR
VOLUME POINT Detector, 250
Volume Sources–. see Source:Position

Dependence:Volume Sources

W

WALK

Data Block, 21, 295
Parameters, 295

WALK-
AGE (Age Cutoff), 300
BC (Splitting at a Boundary), 301
COLLISION (Splitting at a Collision), 303
ENERGY (Low-energy Cutoff), 306
FC (Forced Collisions), 307
FPP (Fast Photon Physics), 309
ISOTOPE (Forced Collision with an Isotope), 310
PRODUCTION (Secondary Particle Control), 311
PS (Path Stretching), 312
REACTION (Forced Reaction), 316
SDB (Scattered Direction Bias), 317
SURVIVAL (Survival Weighting), 323
WT (Weight Window), 325

WATT Energy Source, 190
Weight Window, 325
WRITESOURCE file, 156

Z

Zero cross sections, 131
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